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ABSTRACT
Nanotechnology is the control, manipulation, and application of matter on an atomic and
molecular level. The technology is complex and confusing to consumers, and its long-term safety
and effect on the human body, as well as the environment, are unknown. However, for the past
decade, nanotechnology has been used to develop consumer products and food with novel and
attractive attributes.
Since nanotechnology is still not well known, it is not legitimized; that is, it has not been
deemed safe and accepted by society. However, the market for nanotechnology is in the
legitimation process. It will take an entire network of key stakeholders playing a specific roles
for nanotechnology to legitimize. Specifically, each key stakeholder will align with a certain
cultural discourse to frame nanotechnology in a particular way that complements their values.
In Essay 1, I follow previous market system dynamic’s literature and combine Actor
Network Theory (ANT), Foucault’s Discourse on Power and Goffman’s Frame analysis to
theoretically explore what the actor network for nanotechnology looks like. Four dominate
frames are identified: 1) Advancement (i.e., government), 2) Management (i.e., industry), 3)
Development (i.e., academia/scientists), and 4) Informant (i.e., NGO).
Essay 2 empirically explores each actor’s perspective on the nanotechnology network
through a total of 24 interviews. A hermeneutic approach is used to analyze the 208 page text
and themes describing each actor’s role from a self and other’s perspective are discussed.
Additionally, three overarching themes (i.e., contradiction, constance, and cutoff) emerge; these
themes describe the degree of similarity in how actors view their role in the nanotechnology
network compared to how other actor’s view that actor’s role.

In Essay 3, I bring critical theory into market system’s research to better contextualize
market formation theories. Specifically, I discuss how critical theory can be used to supplement
ANT. I suggest that ANT can be combined with critical theory to better understand the process
of translation through exploring conflicts and contradictions among key stakeholders. To show
this process, I explore the juxtaposition of economic benefits vs. cultural concerns that has
emerged in the nanotechnology marketplace. It is determined that this exploration process can
determine why mobilization has not occurred.
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I.

INTRODUCTION

The nineteenth century industrial revolution and the creation of factories brought about
what we now know as the modern city. The industrial revolution created jobs, which prompted
people to migrate into cities; forcing people to depend upon food and products that they did not
grow or produce. At the same time both food and consumer products were becoming
increasingly complicated – a trend that has continued throughout the 20th and 21st century. The
quandaries and confusion of complex products are at an all-time high. Not only are modern
technologies more intricate than ever, but also people no longer know what materials their
products are made out of, what components their food is comprised of and what energy
efficiencies (or deficiencies) their products cause. The market formation process too has become
increasingly complex.
Recently, a new technology, called nanotechnology, has emerged to develop and improve
consumer products and food production. Nanotechnology is multifaceted and often confusing to
consumers who are aware of it. Nanotechnology has also been the subject of much debate among
academics and scientist as the safely and long-term effects of using nanotechnology are
unknown. Regardless of the uncertainly, due to the intriguing benefits of using nanotechnology,
there are already hundreds of nanoproducts in the consumer marketplace. This dissertation
explores the juxtaposition of cultural concerns vs. economic benefits that has led
nanotechnology’s current market situation. More specifically, the purpose of this dissertation is
to explore the process by which something that is perceived as risky evolves into something that
is legitimized.
1

To do this, the actor network for nanotechnology is explored to understand the cultural
discourses that exist that are all trying to frame the meaning of nanotechnology. First, the four
dominate frames of nanotechnology is explored from an etic perspective. It is determined that
there are four key actors forming the market of nanotechnology:1) Advancement (i.e.,
government), 2) Management (i.e., industry), 3) Development (i.e., academia/scientists), and 4)
Informant (i.e., NGO). Next, the actor network is empirically explored through a set of 24
interviews. Lastly, I discuss how critical theory can be applied to market formation theories for
stronger theory contextualization.

II.

ESSAY 1: NANOTECHNOLOGY AND ITS ACTOR NETWORK

Introduction

For the past decade, nanotechnology has been used to develop consumer products and
food with novel attributes is nanotechnology (i.e., the manipulation of matter on an atomic and
molecular magnitude). Nanotechnology is not only complex and confusing to consumers, but it
is also the subject of much debate between scientists and academics concerning the safety and
long-term effects of products made using nanotechnology. Regardless of the uncertainty, both
industry and government are funding and producing many products that are comprised of
nanomaterials because of the products advantageous attributes and unique characteristics.
Although non-governmental organizations (NGO) have a united belief that the regulation of
nanotechnology is inadequate and that nanotechnology products must be considered dangerous
until proven safe, the enormous growth of nanotechnology products has shown that this opinion
2

has been relatively disregarded which suggests that many of the players associated with
nanotechnology are more concerned with the advantages of nanotechnology than with potential
hazards. As the nanotechnology market emerges, so are competing cultural discourses that are
all trying to frame nanotechnology.
Academia, industry, government and NGO are key actors in the nanotechnology network.
What happens in the market formation for nanotechnology will depend largely on the cultural
discourses that are disseminated by these stakeholders. The media will ultimately incorporate
different frame’s stances into the news, and provide its own interpreted story to society (Van
Gorp, 2007). If individual consumers are aware of the network that is forming, they too may hold
their own stances toward the technology. These stances may then be shared via word of mouth
and/or social networks. The stance may be aligned with one key frame or it may be a
combination of many. Having their own stance toward the technology, consumers may (or may
not) be able to change their purchase behaviors.
After considering the viewpoints of the key actors in the nanotechnology network, it
becomes apparent that the long-term legitimation of nanotechnology will depend on which
actor’s frame becomes the accepted societal view. Legitimation may also depend on the level of
product invasion; the higher level of invasion, the more risky a product tends to be perceived.
Using the context of nanotechnology, we can learn about the formation and process of
legitimation and the perceived risk of novel technologies. Overall, if the consumer is aware that
a product contains nanotechnology, legitimacy will depend on the benefits outweighing the risks.
A longitudinal analysis of socially constructed perceived risk has not been researched before;
therefore, for my dissertation, I am going to explore the process by which something that is
perceived as risky evolves into something that is trusted and legitimized. To help accomplish
3

this, I will first address the five reasons why studying nanotechnology is a unique and important
context. Then, I will discuss what legitimation is, and the role the spectrum of product invasion
plays on legitimation. Next, I will discuss the conceptualization for this essay; which includes the
combination of several market formation theories (as suggested by previous literature in market
system dynamics) including: Foucault’s discourse on power, actor network theory and
Goffman’s frame theory analysis. Finally, I will discuss what the actor network for
nanotechnology looks like and the role that media and social networks play in the actor network.

Nanotechnology

Nanotechnology is the control, manipulation, and application of matter on the atomic and
molecular (nano scale) level. By manipulating matter on such a small level, nano materials have
more unique properties than the same material at the ‘bulk’ (normal size) scale. For example,
silver at the nano scale becomes antibacterial. Carbon can be transformed into nano tubes which
are lighter, but ten-times stronger than steel. Although inert at the bulk scale, gold nano particles
are very strong catalysts that can facilitate chemical reactions and nano scale graphite becomes
magnetic.
Because of these varying and sometimes dichotomous characteristics, nanomaterials are
attractive for use in a large spectrum of product categories (medical technologies, sporting
goods, cosmetics, food, and food packaging). Nanotechnology has many implications in many
sectors of the marketplace, including, but not limited to consumer products, healthcare,
transportation and agriculture. Therefore, there has been considerable effort around the world to
develop and introduce nano-based products (Davies, 2009; Helmut Kaiser, 2009). This effort has
4

started a New Industrial Revolution that may change many facets of life for consumers. While
these changes can be good, there seems to be a lack of transparency for the consumer. That is,
some of these changes are occurring without the consumer’s knowledge (NNCO, 2012).
The importance of observing the development of nanotechnology from a network
perspective is dependent on five characteristics which have been conceptualized for this study: 1)
the lack of consumer knowledge 2) the lack of product transparency 3) the lack of broad
dissemination 4) the potential for product invasiveness and 5) the unknown effects of use. First,
unlike most other products, most consumers know nothing about nanotechnology (Davies, 2009).
Due to the consumer’s lack of knowledge, it is unknown at this time whether consumers will
accept or reject nano products (Buzby 2010). Primary data I collected as a pilot study confirmed
this lack of knowledge. A total of 432 members of a national Internet research panel served as
participants; 47% were male and ages ranged from 18-82 years. Among other things, participants
were asked “please rate your knowledge of the following products (i.e., MP3 players, lawn care
products, cell phone services, cold remedies, televisions, RFID, nanotechnology, nanofoods,
genetically modified foods) as compared to the average person” on a seven point likert scale,
where one is least knowledgeable and seven is most knowledgeable (modified from Roehm et
al., 2002). Results (including the percentages for most and least knowledgeable) can be found in
Table 1.
Table 1 illustrates that people are less confident in their knowledge about nanotechnology
and nanofoods (where people rank themselves as least knowledgeable 48% and 57% of the time
respectively) compared to other types of products and technology. For example, 57% of people
consider themselves to be least knowledgeable compared to the average person when it comes to
nanofoods, but only 2% of all people consider themselves the least knowledgeable when it
5

comes to television. Additionally, very few people appear to feel the most knowledgeable when
it comes to nanotechnology. Based on the survey, only 2% of people considered themselves to be
the most knowledgeable when it came to nanotechnology and only 1% with nanofoods.
The second reason why studying nanotechnology from a network perspective is
important is that it is very difficult if not impossible to determine if a product is made using nano
materials. Companies can simply interchange or enhance the ‘bulk’ scale materials with nano
materials without consumer awareness. For instance, in the United States, there are currently no
labeling laws for nanotechnology products or foods. Although some industries (i.e., clothing,
tools, bedding, sports equipment) seem to be voluntarily label nano-materials as such, other
industries do not. For example, Crown Laboratories fully discloses that their Blue Lizard
sunscreen uses nano particles of titanium dioxide and zinc oxide; however, they also discovered
that many of their competitors do not disclose this information. Specifically, Crown Laboratories
asked an outside lab to test eight different sunscreens for nano particles: all eight sunscreens
came back positive for nano particles, but only one of the sunscreens was labeled as such
(Consumer Reports, 2007).
Third, nanotechnology’s current manifestation and commercial application has only been
around for the past twenty years. Since it is so new, its broad dissemination is impending
(NNCO, 2012). Federal funding of nanotechnologies has grown from $464 million in 2001 to
$1.5 billion in 2009 to $2.1 billion in 2012 (NNCO, 2012). Federal funding is expected to
increase to $2.4 trillion by 2015 (Lux Research, 2008). Additionally, by 2015, researchers are
predicting that nanotechnologies will be used in 40% of the world’s food industries (Helmut
Kaiser, 2009). Although these descriptive statistics are assuming that nanotechnology will
become an accepted part of life, the success (or failure) of this technology depends largely on the
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dynamics of the actor network: the commercial growth of nanotechnology depends largely on the
dynamics of the actor network that surrounds nanotechnology.
Fourth, is that nanotechnology brings an increased sensitivity to size; since
nanotechnology is dealing with elements on such a small level, there is a fear that the
nanoparticles may have greater access to our bodies than larger particles; humans are afraid of
things they cannot see. Therefore, there is a chance that there will be new toxicity risks, and
long-term pathological effects associated with nanoparticles. Additionally, due to their small
size, there is a chance that the nanoparticles can compromise immune system responses (Miller
and Senjen, 2008). There also are concerns that invisible nanotechnology-based monitoring tools
could pose a threat to national security and personal privacy (Hart, 2008).
Fifth, the long-term health and environmental impact of the manufacturing and use of
nanotechnologies are unknown. Although there are no documented cases of harm attributable to
nano materials (Davies, 2009), a growing body of literature argues that there is the potential for
serious health and environmental risks (Maynard, 2006; Oberdörster, 2010). The dissemination
of nanotechnology, on a large scale, represents an important opportunity to examine how
consumers may feel about products that are forthcoming, but for which the consequences of
consuming are uncertain. Additionally, since the consequences of consumption are still
uncertain, there is a unique opportunity to study socially constructed perceived risk and safety.
While some discourses are trying to socially construct perceived risks, others are trying to
socially construct perceived safety. Although nanotechnology will not become taken for granted
and trusted during the course of this research, it will be in the process of becoming legitimized
and it is this process that we can study and learn from (Askegaard, 2011).

7

The overarching research question for my dissertation as a whole is how does something
that is perceived as risky evolve into something that is trusted and legitimized? The three essays
of my dissertation will be based on more specific questions that are derived from this
overarching question. The question that I am responding to in this first essay relates to the
nanotechnology actor network. Specifically, what does the actor network for nanotechnology
look like and what are the dynamics that are unfolding in this network?

Legitimation and Innovativeness

Legitimation
“Science and other forms of knowledge depend on the legitimacy in which the culture
holds them” (Lemert, 1997, pp. 39). Although the word legitimate originally comes from the
word legal and describes the idea of being in compliance with the law, I am using the word to
mean a sensible or credible implication for the larger society. This is similar to the way the word
is used in the aforementioned quote. In the quote, Lemert points out that science
(nanotechnology) depends on the legitimacy in which society justifies that technology. The
process of legitimation takes an entire network of actors for something to become legitimate.
More specifically, it will take a complex social apparatus with each actor playing a particular
role for an innovation to become accepted. Therefore, for this research project, I will identify the
key actors in the network that are forming and legitimizing nanotechnology. I will also assess
why the success of legitimation does or does not occur and the specific actors that play a role in
the market formation.
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Nanotechnology is still not well known; therefore, it is not legitimized. Due to the
novelty of nanotechnology, some stakeholders are skeptical, so it will take time to determine
whether nanotechnology is ultimately trusted or not trusted. This process will depend on the
actor network that forms in response to nanotechnology and marketing. Therefore, studying
nanotechnology is a unique context.
Invasion
Nanotechnology presents a wide range of products; for example, nanotechnology
products are being developed in different sectors including clothing, industrial use, sports
equipment, food products, personal care items, as well as electronics and computers. Within
these product categories, the products can be gauged according to range of contact with the
human body. In order to illustrate the spectrum, refer to Figure 1 which describes the spectrum
that has been conceptualized specifically for this study. This spectrum is useful from an
interpretive perspective to generate ideas and discourses that are related to the invasiveness of
the product and its resulting perceived safety. Given that ultimately this is an empirical question,
these categories might change somewhat when interviewing consumers.
The invasion spectrum works as a continuum where the left side represents products with
the least amount of invasion and the right side represents products with the most invasion. These
different categories are not a certain distance apart from each other; the categories are simply
used to conceptually represent invasion. I suggest that the more invasive a new product is, the
harder it is for the product to be legitimized because the more fearful consumers will be of
potential or real threats.
For instance, building frames and suspension bridge cables constructed using nano steel
creates stronger and more durable products than using bulk steel. These products are examples
9

that fall under the no contact category since there is no contact with the human body. Office
chairs made out of nano plastic, computers using nano wires, and other hard surfaces made out of
nano materials are examples of nano products that would fall under the touch: not a part of self
category. Wilson has introduced a very popular nano carbon tennis racket that is more durable
and lighter in weight than the average tennis racket that would also fall under the touch: not a
part of self classification. The category touch: a part of self represents clothes, shoes and other
accessories that are worn directly on the body. Eddie Bauer has an entire line of nano care
clothing that is guaranteed to never wrinkle or smell bad that would also fall under the touch: a
part of self classification. Products that make contact with the body that can absorb into skin
(such as lotions, soap and sunscreens) are examples of products that fall under the body contact:
absorption classification. The Blue Lizard Sunscreen made by Crown Laboratories that uses
nano zinc oxide is an example of a nano product that falls under this classification. Example
products in the body contact: mucus membranes classification include mascara, lipstick,
condoms and all other products that make contact with a mucus membrane. Lancôme Rénergie
Microlift Eye is an example of a nano product currently on the shelves that would fall under this
classification. The eye cream developed by Lancôme uses micro silica and proteins that help
immediately lift and tighten the skin around the eye. The orally consumed classification includes
products that someone can eat or drink; all nanofood products fall under this classification. For
example, there is a diet shake currently on the market called “Nanoceuticals Slim Shake –
Chocolate” that has been infused with cocoa nano clusters that enrich the taste of the shake
without requiring added sugar. Perfumes and air fresheners are examples of products that would
fall under the inhalants classification. Chanel’s perfume called “Coco Mademoiselle Fresh
Moisture Mist” that uses nano particles to ensure prolong fragrance is a nano product that falls
10

under the inhalants category. Insulin and steroid injections are examples of things that would
fall under the injections classification. A new drug delivery system called the “nanosponge” that
was just created in 2010 is a nano product that falls under the injections classification. The
nanosponge can be injected into the body; it is about the size of a virus and can be filled with a
drug and a chemical linker that bond to a specified tumor cell. The nanosponge is three to five
times more effective at reducing tumor growth than direct injections since it is able to target
specific tumors rather than circulating throughout an entire body (Salisbury, 2010). Lastly,
prosthesis or any artificial device that replaces a missing body part would be classified under the
part of self-category. The “nano wrap” is a new prosthetic hand that allows amputees to not only
regain hand mobility and touch, but also feeling and is an example of a part of self nano product
(Youris, 2010).
It is important to note that not all products are mutually exclusive to one classification;
some products will fit into several invasion categories. For example, shampoo in the bottle sitting
in the shower will fall into the no contact category. While holding the bottle in the shower, the
shampoo then falls under the touch: not a part of self category. However, once lathered into the
scalp and on one’s body the shampoo is then classified as touch: a part of self and maybe even
body contact: absorption if the shampoo is able to absorb at all into the skin. If the shampoo gets
into one’s eyes, mouth or other mucus membrane, the shampoo can then be classified body
contact: mucus membrane. Lastly, if ingested at all by the human on contact, the shampoo can
then be considered in the orally consumed classification. Purology has introduced a nanocare
shampoo that makes hair softer and more manageable; this shampoo would have the capabilities
to fall under the classifications just discussed.
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In general, I propose that consumers are least concerned about novel products that are
minimally invasive. Given consumer research on extended self, I suggest that consumers are
most concerned about novel products that are considered highly invasive. Furthermore, the more
invasive a product is, the more thought and research a consumer will put into the purchase
decision. For example, consumers are most likely a lot less skeptical about using a nano carbon
tennis racket that falls under the touch: part of self category than they are about consuming
nanofoods that are classified as orally consumed. However, there is a state of desperation that
can occur that makes the invasion spectrum no longer applicable. The state of desperation can
occur when a consumer is very sick, close to death, or in any other state of despair. When the
state of desperation occurs, consumers may be more willing to try novel products higher up on
the invasion spectrum due to their anguish. For example, a sick person may be more willing to
have nano injections than a healthy person.
Many consumers have begun to join in on web site conversations that weigh the pros and
cons of nanotechnology. One such website, vivawoman.net, encourages a discourse community
that revolves around articles meant to enlighten and engage consumer conversation on organic
skincare and holistic beauty. Recently, vivawoman.net published the article on does “Mineral
makeup pose health risks?,” written by Sesame Chew (2008). Chew’s article discusses her
concern for using powered mineral makeup in which she based her concern on the UK
Government’s actions notifying consumers that when inhaled (invasion classification inhalation),
nano titanium dioxide is very dangerous; it could have similar negative effects as inhaling
asbestos and therefore can cause lung cancer. Chew explains how she was very surprised to
learn that her powered makeup could be dangerous to her; particularly since mineral makeup is
marketed as safe because it is free of fragrances, fillers, preservatives, chemical additives, talc,
12

and dyes (Chew 2008). Following the publication of Chew’s article, many consumers expressed
their concerns. Blogger 1 (Dorris) says:
That’s a great piece of info, Sesame. You know, at the end of the day, we don’t even
know what’s safe anymore. Even those who claim their stuff is FREE from this and that,
they are not obliged to list down every single ingredient if the content level doesn’t
exceed a certain quantity.
This blogger expresses her concern for not knowing what is safe anymore. Dorris exhibits
apprehension regarding the safety of the products; however, more importantly, she is paranoid
that consumers may not know if they are using nano products or not. Blogger 2 (Cecelia)
furthers this point by saying:
This subject is coming up more and more recently as people are becoming more aware of
what is in their makeup. It is still difficult to find out which companies use the
nanoparticles in their makeup. I have tried to get an answer from BE but all I can find is
other people saying that it doesn’t contain nanoparticles. BE from all I can find has never
come out and said that they don’t use them. Also their products contain cornstarch as well
as bismuth oxichloride. They are not addressing this issue but in spite of this they have a
very loyal following that would never think about giving up their bare minerals. This
loyalty seems to come before all else regarding mineral makeup.
Blogger 2 also explains her frustration with most people who are too loyal to Bare
Essentials to even care what is in the Bare Essentials mineral makeup. There are also many
bloggers that show suspicion over not knowing if their makeup includes nano particles. For
example, Blogger 3 (Denise) says:
Hi, I tried looking for the ingredient list for Bare Essentials and i can’t find it. I love that
foundation but now I’m slightly paranoid :/.
There are also bloggers who appear to be confused about which classification of invasion
considered to be dangerous and which ones are safe when it comes to nano particles. For
instance, Blogger 4 (Ashleigh) says:
I am just curious. I’ve been using a liquid foundation that contains talc. I know that talc is
similar to titanium dioxide in that in powder form, it can lead to certain forms of cancer.
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Is the risk the same with liquid? I just invested a bunch of money in it, and don’t want to
get myself in trouble.
Another blogger, Blogger 5 (Theresa), explains that she too is concerned with the level of
invasion her makeup might have. Interestingly, rather than not wearing the makeup anymore, she
came up with her own way to prevent inhalation from occurring. Blogger 5 says:
This is great piece of information. I’m using EM. During my daily route, I always hold
my breath when applying, not sure whether this trick helps too.
Looking at the article and the comments left on vivawomen.net, we see that many
consumers are not only beginning to discuss nano products, but they are also expressing their
concern, confusion, apprehension, and fear. Contrastingly, it appears that consumers are not
completely willing to give up the nano products because of a few characteristics; it appears that
consumers may just try to lower their level of invasion with the product by developing strategies
they deem averting such as holding their breath or closing their eyes.
Interesting to the process, before the release of any new product, marketing research is
conducted. Consumer’s opinions and reactions are all taken into consideration with the
marketing, packaging, and placement of products. Therefore, one way to explore the early stages
of marketplace formation is by closely analyzing novel products as they are introduced into the
marketplace. It appears that in the case of nanotechnology, many minimally invasive consumer
products are labeled as nano. This would suggest that perhaps minimally invasive
nanotechnology products would be ultimately accepted by society. However, products with
higher levels of invasion (e.g., nanofood products) are not being labeled as such. These products
will take very strong benefits for consumers to outweigh the risks.
In consumer research, we have a number of researchers who are interested in technology
and consumer acceptance. For example, Kozinets (2008) encourages the understanding of
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consumers’ ideologies regarding technology they are familiar with. Kozinets’ research allows us
to better understand consumer’s thoughts and actions regarding technology. However, since most
consumers do not know they are using nanotechnology products, consumers’ behaviors are more
difficult to translate. Furthermore, we are only learning part of the story by only understanding
consumers. There are many actors competing and trying to frame nanotechnologies before they
ever reach the consumer. Therefore, researching the consumer only tells part of the story. Taking
a market system dynamics approach, I can look at all of the stakeholders and actors that play a
role in the legitimation of a technology.

Consumer Acceptance and Legitimation of Technologies

Consumer acceptance
In the past several years, research has been conducted to assess consumers acceptance
and perfections toward a variety of novel food technologies such as irradiated foods,
bioengineered (genetically modified) foods, foods containing pesticides, and foods processed
using laser light sources (Bredahl, 1999; Costa-Font, Gil, and Traill 2008; Frewer, Howard, and
Shepherd, 1997; Frewer et al., 1997; Grunert et al., 2001; Hinson, Harrision, and Andrews,
1998; Miles, and Frewer, 2001; Mucci, and Hough, 2003; Sapp, Harrod, and Zhao, 1995;
Wilcock et al., 2004). The studies found that many factors influence the consumer acceptance
and use of a particular technology. All of these food production technologies held both promise
and risk, but experienced varying levels and rates of consumer acceptance.
For example, genetically modified (GM) food products were first introduced to
consumers in the early 1990s. GM food refers to crops whose genes have been modified in the
15

laboratory to enhance desired traits or improve nutritional content (Whitman, 2000). GM Foods
can provide many advantages to crop production such as pest resistance, disease resistance and
cold tolerance. There are also many disadvantages such as the long-term effects of GM foods
being unknown, the unintended harm to the environment, the reduced effectiveness of pesticides,
and the creation of new human allergens. In most cases, the good (economic benefits) still tend
to outweigh the disadvantages in the consumer minds.
Despite being unknown, the perceptions of risk have negatively affected consumer
acceptance of this technology. Empirical research specifically examining consumer acceptance
of GM foods suggests that certain attributes are desirable (e.g., reduction of microorganisms)
while others were less desirable (Fewer et al., 1997). Consumers also consider the potential risks
and benefits of GM foods in light of perceived consequences for themselves, for other people
and for the environment (Bredhal, 1999). Overall, consumers associate more risk with GM foods
than benefits (Mucci and Hough, 2003).
An entire network of stakeholders disputed the creation and popularization of GM foods.
For instance, the scientists who were responsible for the creation of GM foods believe that
genetic modification of foods is just a natural extension of traditional farming methods and often
even safer than traditional breeding techniques (Bredhal, 1999). Another stakeholder, farmers,
also see genetic modification as a straightforward extension of plant breeding. The farmer’s
investment is economic; therefore, they consider the GM foods in the terms of fewer costs for
more products. Farmers do not see GM foods as being a right or wrong issue (ScienceDaily,
2008).
Government is another stakeholder that has played a large role in the dissemination of
GM foods. However, unlike with nanotechnology where most governments have a positive
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stance on the use of nanotechnology, government stances regarding GM crops vary greatly by
country. The use of GM crops in the European Union is strictly controlled. Currently, only one
type of corn (MON 810) is grown commercially in the EU. Furthermore, Austria, France,
Greece, Hungary, Germany and Luxembourg have completely banned the use of GM crops
(BBC, 2011). On the other extreme, the United States government encourages the use of GM
crops since they consider them to be safe and disease resistant. Due to the U.S. viewpoint of GM
crops being legitimate, the U.S. is the largest producer of GM foods in the world (WebMD,
2012). Governments in Argentina, Australia Canada, China, India and Mexico are also
encouraging the use of GM crops (WebMD, 2012). The acceptance of a product by a
government seems to be contingent on the country’s desire to be a world leader and power and
how the product helps with that desire.
Since the 1990s when the GM debate started NGO have been strongly opposed to GM
foods. Immediately, they called for the halt of the planting of all GM crops until their safety and
need were established. As a result of NGO desire to prohibit or decrease the mount of GM foods
on the market, NGO began supporting farmers who did not use GM crops (FOE, 2003). Unlike
the US, the EU intently debated the use of GM crops. The citizens’ worries and concerns for
consuming GM crops were the controlling factor in the debates. Many NGO, including Friends
of the Earth, were happy to see the EU debate the use of GM crops, saying that it is “a clear
signal from MEPs (members of European parliament) that they are on the side of the majority of
European citizens who oppose GM crops” (BBC 2011, pp. 1).
Consequently, the NGO involvement has caused the perception of risk to the
marketplace, which, in turn, has caused the United States, and GM manufactures to be quiet
about their use of GM crops. Now, approximately 60% to 70% of all foods in grocery stores in
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the United States contain GM ingredients; however, only 26% of Americans believe that they
have been in contact with GM foods (WebMD, 2012). In the case of GM foods, there appears to
be a large disconnect between what consumers are comfortable with and what the government
has allowed. Although the debate of GM foods is still not resolved, it is clear that the different
stakeholders have all had different opinions of GM foods and have helped disseminate different
cultural discourses with different types of influences.
Microwave radiation is another technology that was of debate to consumers for a long
time; however, it has had more success in gaining overall trust than GM food. The first
microwave oven (which used microwave radiation) was invented after World War II and was
introduced for household use in 1941. However, due to the dynamic interaction between multiple
stakeholders that led to consumer skepticism and a steep cost, by 1971 only 1% of American
households owned a microwave. By 1986, close to 25% of households owned a microwave and
now in the 21st century, over 90% of all American households have a microwave (Leigey, 2001).
Consumer fears and myths slowly faded over time when consumers realized that the radiation
did not appear to be harmful. Furthermore, the benefits that came with owning a microwave
(e.g., time convenience, energy saving, less food waste) slowly seemed to outweigh the possible
risks (radiation poisoning, blindness, and sterility) (Gallawa, 2012). The technology is now
legitimized and taken for granted by society.
Legitimation
Historically, acceptance of technologies has been looked at only from consumer’s
perspective. However, a thriving and diverse body of research that explicitly explores the
creation, formation, and reshaping of markets has recently emerged in consumer literature
(Siebert and Thyroff, 2012). Specifically, this research considers markets to be a network of
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social systems whereby markets are created and/or changed through the discursive negotiations
and practices of various market stakeholders. In light of the market system dynamics movement
where the role of every actor (not just consumers) is explored, I plan on examining the key actors
who will play a role in the legitimation of a technology. And, as mentioned earlier, I define
legitimation as the process by which something is deemed safe and therefore accepted by
society.
One scholar who explores the legitimation of a technology from a market system
dynamics perspective is Markus Giesler. In his article, he particularly examines the Botox
Cosmetic industry. Using over a terabyte of information, Giesler, based off of Callon (1986) and
Latour (1988) is able to trace the Botox industry through all four stages of translation
(problematization to interessement, interessement to enrolment and enrolment to mobilization).
By mapping the story of translation, Giesler describes all of the marketplace actors and
their roles in the formation and shaping of the Botox industry today. Moreover, by looking at all
of the actors, Giesler is able to look at the mythical structure that perpetuated the Botox
Cosmetic industry in all four stages throughout his eight-year longitudinal analysis. For instance,
problematization followed a “poison” image used on “patients”. During the interessement, Botox
held a “frozen face” image and was used by “expressionistas.”During enrolment Botox held a
“torture” image and was used by “multipreneurs.” Finally, a “junkie image” is held during
mobilization. Although Botox still sparks much controversy and debate, it was through the
process of legitimation where great insights were developed (Giesler, 2012).
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Conceptualization

Multiple and competing cultural discourses are being formed by a variety of key actors as
nanotechnology becomes framed. And, if nanotechnology is going to become legitimized, a
particular frame/cultural discourse will need to become dominate. In order to consider the
paradigm of legitimation, I have identified and defined the four dominate frames I see emerging
from the core of nanotechnology: 1) Advancement (i.e., government), 2) Management (i.e.,
industry), 3) Development (i.e., academia/scientists), and 4) Informant (i.e., NGO).
The government culturally produces the advancement frame. This frame stresses the
benefits of nanotechnology and believes that research and development on nanotechnology is
essential to maintain a competitive advantage in the global marketplace. The management frame
is produced by industry and is based on economic efficiency and profit. This frame emphasizes
that nanotechnology will produce new products and improve market place functionality. They
believe that nanotechnology is safe until proven dangerous. The development frame is supported
by academia and scientists, and its goal is to explore and discover the new technology and
applications for the new technology. Additionally, this frame is based around the desire for
acquiring new knowledge and less about the potential positive or negative effects from this
technology. The informant frame is sponsored by NGO. At the core of this frame is the belief
that both industry and government are not vested in what is best for society and their power must
be checked. Therefore, to protect the people nanotechnology must be treated as dangerous until
proven safe. NGO have called for the complete halt of the selling of products containing
nanomaterials (FOE, 2012).
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Each of the cultural discourses discussed is institutionalized by its stakeholder. Each
stakeholder, along with its cultural discourse, is an actor in the network. Moreover, its cultural
discourse is the means for expressing its action and achieving its goals. The dynamics of the
network will eventually prescribe the fate of the technology, just as it did for GM foods and
microwaves. It is the emergence of the network that I plan on exploring. To do this, I am going
to draw from previous market system dynamics literature, which suggests the use of several
market formation theories (Siebert and Thyroff, 2012). There are many different theories that
can be used to research market formation and how cultural discourses arise; however, in this
study, I rely upon the following: 1) Michel Foucault’s discourse on power 2) actor network
theory and 3) Goffman’s frame theory analysis. Therefore, I will now give an overview of
market system dynamics literature and then I will discuss the three theories I draw from (i.e.,
Foucault’s discourse on power, actor network theory and Goffman’s frame theory analysis).
Market System Dynamics
Many contemporary marketing researchers (Giesler, 2008; Karababa and Ger, 2010;
Humphreys, 2010) have combined several market formation theories (e.g., the works of
Foucault, actor network theory, Institutional theory, legitimation theories in sociology) to study
the evolution of markets and the actors within. This research has recently been termed “market
system dynamics.” Market system dynamics stresses the importance of studying all marketplace
actors and not just the consumer-marketer relationship that has been traditionally examined
(Karababa and Ger, 2010).
During the rise of digital media, Giesler (2008) used both Foucault and actor network
theory to study the drama in the music industry; likewise, Humphreys (2010) combined
institutional theory as well as legitimation theories in sociology to study the evolution and
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megamarketing of the casino and gambling industry. Karababa and Ger (2010) studied the roles
of multiple stakeholders in the rise of the early modern ottoman coffee house by means of
Foucault and Habermas.
Following the works of Giesler, Humphreys, Karababa, and Ger, I plan on studying
market system dynamics. I will examine all the various actors that play a role in market
evolution and formation. For this essay, I plan on applying market system dynamics with the
theoretical support of Foucault’s discourse on power, actor network theory, and Goffman’s frame
theory analysis to study the cultural discourses for the context of nanotechnology.
Foucault’s Discourse on Power
Unlike many philosophers before him, Michel Foucault believed that history was nonevolutionary; it is not capable of progressions or digressions (Best and Kellner, 1991; Gutting,
2005). Rather, he believed that history was made up of fragmented and unrelated pieces of
information (Kendall and Wickham, 1998). To make studying history possible, he created two
ordering tools: archaeology and genealogy – both of which can be used to analyze cultural
discourses and power. Foucault used these two tools to demonstrate how cultural discourses on
the basis of power relations emerged historically. Detailed description and historical
interpretation via archaeology and genealogy were his way of studying contingencies.
Archaeology involves looking at statements of the past and discovering why those
statements occur, why some reoccur and how statements can be used to connect the visible and
the sayable. Archaeology is straightforward and matter-of-fact; it does not look for an underlying
meaning behind statements. Rather, it analyzes what positions actors take based on their
statements and in what places statements occur. Archaeology looks at how certain statements can
grant actors power and authority and how actors can use their newly acquired power to limit
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other actors. Further, archaeology can be used to connect statements from cultural discourses to
determine the flow of power, similar to how electricians look at the flow of electricity (Kendall
and Wickham, 1998).
Archaeology can be applied in the context of nanotechnology by first examining
historical documents to retrieve statements about nanotechnology. Then, I can trace these
statements to one of the four dominant frames that have emerged in nanotechnology. The frames
are the historical product of the interests and sentiments of stakeholders. The statements in each
of the frames can then be compared and contrasted. A flow of power between the dominant
stakeholders and others can then be determined.
Genealogy is an extension and supplement to archaeology. Whereas archaeology looks at
a slice of history, genealogy looks at the underlying meanings associated with that slice of
history. Genealogy allows us to look at cultural discourses across time in a way so that one’s
own consciousness is not intertwined with the understanding. The phrase hindsight is 20-20, may
be an accurate metaphor to describe genealogy. Genealogy can be empowering, freeing, and
insightful. It can also lead to shifts in cultural discourses. Although Foucault used archaeology
and genealogy to help determine the success and underlying meaning of cultural discourses,
Foucault does not discuss how to take into account all of the contingencies that lead to the
cultural discourse being established in the first place. To help look at the actors that play a role in
the emergence and success of a cultural discourse, actor network theory was developed.
Actor Network Theory
Actor network theory (ANT) learned the importance of cultural discourses through
Foucault’s models. However, ANT relies more on the analyses of the dynamic interactions of
the stakeholders than the actual discourse; therefore ANT is able to analyze what led to the
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success and power of a discourse (something that is never covered by Foucault). Furthermore,
Foucault mentions that there are an endless amount of contingencies that lead to any given event,
but he doesn’t provide a way to study the contingences in its present stage. However, ANT can
be used to bring Foucault’s approach into the present time. Specifically, ANT provides
researchers a method to determine why the success of a particular discourse occurs and the
specific actors that played a role in that success (Giesler, 2012). ANT achieves this through a
four-stage model (translation) that starts with problematization, moves to interessement, then
enrollment and ends with mobilization (Callon, 1986; Latour, 1988), where Foucault starts with
mobilization.
Problematization
Problematization is the first stage of translation and discusses the creation of an
innovation and the actors that seek to play a role in its development. During this stage, the
innovation is unheard of to most of society. Therefore, the different actors plead their case as to
why they are imperative to the management of the innovation and how it is presented to society.
Their stance toward the innovation depends on their position in society as well as their reaction
to the other stances. Actors want to make sure that the other actors know that they are
imperative to the supervision of the innovation (Callon, 1986; Latour, 1988) as it develops.
To describe translation, Michel Callon (1986) gives an example that dates back to the
1970s in France when, due to bad weather, and over-fishing; there was a large shortage of sea
scallops. Three French researchers went to Japan where sea scallops were bountiful to gain
knowledge as to how to fix France’s problem. The three researchers came back with knowledge
of a new collector’s technology that allowed sea scallops’ larvae to anchor onto the collectors
and the collector gave protection against predators while the scallops grew. Once the three
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researchers brought the new technology to France, actors arose and sought to make themselves
indispensible from the introduction of the collectors. Besides the three original researchers
functioning as actors, another one of the actors is simply the sea scallops that are in shortage. In
order for the new technology to be a success, the scallops were going to have to actually attach to
the collectors in the same process as the sea scallops attached to the collectors in Japan. The
fishermen who were over fishing the scallops were another set of actors. Because of their desire
to make large profits and their initial rejection of conservative fishing practices, the scallop
production was quickly becoming detrimental to the fishermen’s livelihoods. Finally, Callon
(1986) identified other scientific colleagues who were interpreting and what was already known
about the scallops. The scientific community also made it clear that they were interested in
furthering the knowledge that was proposed with the collector technology. All four of these
actors emerged as a necessity as soon as the novel technology was introduced (e.g., the
innovators, the collector, the fishermen and academia).
Specific to nanotechnology, problematization started in 1959 when the American
physicist, Richard Feynman, gave the lecture “There’s Plenty of Room at the Bottom” at the
California Institute of Technology. During this speech, Feynman discusses the potential that the
manipulation of atoms and molecules at an individual level could have (Feynman, 1960).
According to many historians, Feynman’s speech was the catalyst that inspired scientists to
pursue research in the field that is now known as nanotechnology (McCray, 2005). It wasn’t until
1980, though, via the invention of the scanning tunneling microscope and the discovery of
cluster science that nanotechnology as we know it was created. This is what sparked industry’s
attention and encouraged industry to start funding the research of nanotechnology in laboratories.
In 1990, two scientists, Eigler and Schweizer discovered how to move nano atoms; to honor their
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corporate sponsor, they moved 35 nano atoms to spell IBM. Then in 1992, a congressional
hearing was held by Senator Al Gore to discuss sustainable new technologies and the
advancement and potential of nanotechnology created a large buzz on Capitol Hill. In 1997, the
United States’ National Nanotechnology Initative (NNI) was formed and billions of dollars were
invested into the research and development of nanotechnology products (McCray 2005). The
NGO were quick to respond with published articles and media releases explaining the potential
risks of nanotechnology and why nanotechnology products need to be banned. So far in the
problematization phase the key actors include: academicians, industry and the government.
Interessement
The second stage of translation is interessement. This stage is a process where different
actor roles and different stances on the technologies’ issues are discussed (Callon, 1986: Latour,
1988). That is, the actors are now beginning to interact and conflict with each other, vying for
power. Actors can choose whether to help other actors or try to hinder their progress. In this
stage, relationships are established and tested.
In the case of the sea scallops, the collector’s technology is tested to see if there is a
chance that the new technology will benefit the French scallop procedures as well as the
technology benefited the Japanese scallop procedures. Further the original three researchers as
well as the rest of the scientific community began to reach out to the fishermen to explain the
importance of slowing down their fishing rates, even if it meant a lower profitability over a few
years. If the scallops are cooperative and if the three original researchers, the scientific
community, and the fisherman all come to an alliance (i.e., interessement is successful), then
enrolment exists (Callon, 1986).
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Interessement is the stage that nanotechnology is currently in. The different actors have
been established in the problematization and they are now negotiating and defending their
stances on nanotechnology. The tension is also causing conflict and a range of opinions among
consumers as to whether or not nanotechnology is a good or bad thing. This tension and conflict
show up in consumer blogs and other public forums where consumers have an opportunity to
voice opinions.
Enrolment
Enrolment means that actor roles are accepted by each of the actors. Sometimes no
compromise is necessary for this to happen; however, often negotiation is necessary. Different
actors can end up agreeing on their roles for various reasons including power, contracts, or even
physical force. During this phase, the media and marketers can play a role to sway the public
and ultimately put pressure to sway different actors.
In the case of the sea scallops, the longest negotiation during enrolment actually occurs
with the sea scallops themselves. The French scientists find the scallops to be fickle and not
always willing to anchor themselves to the collectors. Therefore, they go through many stages of
negotiation until they find just the right locations, the right water levels, and whatever else is
needed to get the scallops to cooperate (Callon, 1986). The three researchers and the scientific
community are also able to convince the fisherman to slow down their fishing rates and to
support their research. Although we can learn from what enrolment is from the sea scallops
example, learning about enrolment for nanotechnology is a much more complex task; there is
greater conflict in the network, making the next phase, mobilization more difficult.
Mobilization
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The final phase of translation is mobilization. This is when the actor roles are performed.
One of the most important things that occur during this stage is electing representatives to speak
on behalf of the network. Additionally, what the representatives say (or don’t say) about the
innovation is determined (Callon, 1986; Latour, 1988). It is also important to note that
dissonance can occur after mobilization has taken place. Dissonance refers to conflicts and/or
betrayals by different actors. After dissonance occurs, mobilization may continue or end
completely. To get a deep understanding of the societal views that frame each of the actors
discussed in ANT, I draw from Goffman’s frame theory analysis.
Goffman’s Frame Theory Analysis
There are many stakeholders that are deliberately competing for the hearts and the minds
of consumers. They are trying to influence consumers and other stakeholders, pushing for a
mobilization that favors their interest. These competing strategies or frames become cultural
discourses which can be used as resources by the consumer when forming a disposition about the
technology. In other words, mobilization will result from the play of hegemonic and
countervailing discourses as they are framed by stakeholders and personalized by consumers in
the marketplace. I am referring to nanotechnology as a myth since it is not yet legitimized; it is
just a concept surrounded by competing discourses.
At the core of societal issues are framing competitions. Framing competitions are at the
core of culture and express various viewpoints relating to specific cultural phenomena (Van
Gorp, 2007). Frames are rather stable and are established in a variety of ways (Goffman, 1981);
they can be represented by a word, phrase, or proposition (Scheff, 2005).
We can explore a frame package to better understand the cultural producers of frames. A
frame package also helps us organize cultural phenomena and better understand how frames
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compete, complement, and interact with other frames. Additionally, we can see the integrations
between frame sponsors, key events, and the media (Van Gorp, 2007). Frame packages can be
applied to different contexts to help individuals form opinions and interpret media’s messages
(Van Gorp, 2007). Consumers can then collaborate to define and give meaning to products and
the societal issues at hand. In developing this idea, I draw on the work of Goffman’s frame
theory analysis (Goffman, 1974; Goffman, 1981).
A frame package consists of six core components: the cultural producer, the current
position, the root cause(s), the foundation, the descriptors and the actions (Kwan, 2009). The
cultural producer of the frame is the advocate (e.g., the organization, the institutional
infrastructure, etc…) that sponsors and articulates the frame. The position refers to the
underlying assumptions, logic, and reasoning that define a frame. The root causes refers to the
origins of cultural phenomena; they try to get at the deep, underlying sociological factors that
make the cultural producer feel the way they do. The foundation is the intentional appeal to
modern cultural values that society can relate to. Descriptors refer to the metaphors, catch
phrases, and depictions that the particular frame uses. Finally, actions are the procedures,
dealings, events and public policies used to enact the values of the cultural producer.

Nanotechnology as an Actor Network

Nanotechnology’s Current Stakeholders
The framing competitions can be applied to a number of novel technologies including
nanotechnology. For the purpose of this essay, I will apply the novel technology framework to
nanotechnology. Drawing from Foucault’s discourse on power, actor network theory, and
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Goffman’s frame theory analysis, I am able to theoretically analyze and determine that the key
actors forming the nanotechnology marketplace are government, industry, academia and NGO. I
am also able to determine that the social framework that each actor is aligning with and
culturally producing are the advancement, management, development, and informant frames
respectively. The frame package and cultural producers are summarized in Table 2.
Advancement
The cultural producer of the advancement frame for nanotechnology is the federal
government. The US government created the National Nanotechnology Initiative (NNI) back in
2001 to coordinate all Federal nanotechnology research and development (NNCO, 2012).
Overall, the advancement position stresses the benefits of a technology to a country. That
is, the understanding and producing of a technology will lead to a technological revolution that
can benefit society. This can be seen in nontechnology through the positioning of the NNI. The
positioning of the NNI is fourfold: 1) to develop a world-class nanotechnology research and
development program, 2) to develop nanotechnology products that will benefit society, 3) to
support nanotechnology by developing educational resources, necessary infrastructure and
skilled workforce, and 4) to encourage and foster responsibility during the development of
nanotechnology (NNCO, 2012).
The root cause of this frame is the Gnostic mythos. The Gnostic mythos is the belief that
science and technology are divine tools that help humanity overcome natural limitations and
allow humans to maintain their dominance over nature (Thompson, 2004). Further, it is the belief
that all technology and advances in technology are good for society. The government takes this
stance with nanotechnology by believing that all advances in nanotechnology have the ability to
improve society and individual lives.
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The foundation from which this frame is built is the desire for leadership through
innovation. Government knows that innovation, creativity, and technological prowess are
necessary to maintain a competitive economic position. Furthermore, governments know that
they must stay on the cutting edge of technological breakthroughs to continue having world
power; nanotechnology is no exception. The following quotes (pulled from the NNI website)
give support to the advancement foundation: “Government support for basic research and
development in its early stages is needed to maintain a competitive position in the worldwide
nanotechnology marketplace in order to realize nanotechnology’s full potential,” and “The
United States has been and is now the recognized leader in nanotechnology R&D, but this lead
cannot be assumed to be permanent. Thus, the NNI is as important as ever to ensuring U.S.
leadership.”
The descriptors of the advancement frame stem from the power and the benefits society
gains from having a new technology. For example maintaining global competiveness and power,
and benefiting society are both descriptors of this frame.
The actions are consistent with the frame involve the funding of world-class
nanotechnology research and development programs. As mentioned earlier in the essay, US
federal funding for nanotechnologies was $2.1 billion in 2012 (NNCO, 2012). In the past decade,
nanotechnology funding has increased 850% (McCray, 2005). Other federal governments appear
to be following the same trend. In 2005, the European Union invested $1.05 billion, the Japanese
government invested $950 million, the South Korean government invested $300 million, the
Chinese government invested $250 million, and the Taiwanese government invested $110
million (NNCO, 2012).
Management
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Markets exist as a forum for exchange; they bring people together, help people survive
and allow for higher standards of living. Management is the frame package culturally produced
by industry. The nanotechnology industry encompasses all companies that play a role in
producing nanotechnology products or materials for market use. Companies can arise from any
section of the supply chain (planning, design, manufacturing, retail, economic efficiency,
revenue generating, and profitability).
The position of the management frame is that all new inventions including
nanotechnology can help with market management. Therefore, nanotechnology products are
good since they can make companies more profitable and they can expand shareholder wealth.
In addition, industry believes that all products should be treated the same way, safe until proven
dangerous. An example specifically for nanotechnology lies with many major food companies;
Nestle, Unilever, Kraft and PepsiCo all feel strongly that their nanofoods products should be
treated the same as their existing products. Further, these companies believe that labeling their
nanofoods products nano is unnecessary (FOE, 2008). The management frame believes that the
existing regulations for nanotechnology are adequate but feel that it would be helpful to have
specific guidelines to support the existing laws (EurActiv, 2009).
Similar to the advancement frame, the management’s root cause is deeply embedded in
Gnostic mythos. That is, technology can do no harm and the advance of technology is always
good. However, the management frame is focused less on ways the technology can be used to
benefit society and more on how the technology can be used to improve market functionality
(e.g., extending product lines, create quality, solve problems, generate revenue, and open up new
profitable opportunities).
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The foundation from which this frame is built is free trade and healthy markets. This
frame also appeals to science for credibility. The difference between this frame and the
advancement frame is that the management frame is interested in the ways innovation can open
up new profitable markets. According to the World Bank (2009), the United States is the world’s
largest national economy with a GDP of $14.3 trillion. The USA has maintained this title since
1944 by having stable growth, high levels of research and development, low unemployment, and
free trade.
The descriptors of the management frame draw from capitalism. The phrase laissez-fair
or hands off government is often used to describe some of the basic principles the United States
economy was founded on. Other descriptors include market management, high profitability,
healthy markets, increasing sales, and safe until proven dangerous.
Finally, the actions consistent with the frame involve research, use and production of
novel products. Occasionally it also involves the critique of government interference. For
nanotechnology, Friends of the Earth estimated that the private industry is investing just as much
money into the research and development of nanotechnology products as the government (FOE,
2008).
Development
The development frame always aims at being unbiased researchers and producers of
knowledge. The cultural producers of this frame include scientific and academic researchers.
The position of the development frame is the integration of knowledge and practice.
Scientists are continuously exploring and discovering new technology, and the technology’s
potential and real safety are closely assessed. This process of discovery and assessment certainly
applies to nanotechnology where scientists are investigating all of the possibilities
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nanotechnology brings and all of the applications for it. Additionally, scientists are trying to
systematically assess the safety and possibilities of nanotechnology and the concepts of
nanotoxicology. Other academicians outside of laboratories are consistently researching
consumer acceptance, consumer preferences, labeling issues, policy issues, the emergence of
news stories, and the study of thematic trends for all different types of technology. All of these
topics can be applied to the specific topic of nanotechnology.
The root cause for the development frame is the desire for acquiring new information,
ideas, principles, facts and/or truths. In this frame, all knowledge is a good thing, regardless of
what is discovered. The foundation of this frame then is fostering the learning of and about new
technologies and the belief of pushing the boundaries in science.
The descriptors that depict the development frame stem from the idea of the pursuit of
knowledge. One catch phrase is all things learned are good things to learn. Other descriptors
include potential, remain objective, science is life and pursuit of truth and progress.
The actions from this frame can be seen in the endless amount of academic articles
published around the topic of technology. The actions from the frame can also be seen in
laboratories and other academic buildings where research is being conducted all over the world.
Specific to nanotechnology, close to 100,000 articles appear when “nanotechnology” is
researched using EBSCO Host. Furthermore, when the word “nanotechnology” is put in Google
Scholar, 587,000 academic articles are identified. Another obvious way to see the actions of this
frame is to simply look around universities; there are nanotechnology buildings on many
university campuses including: Georgia Institute of Technology, The University of Arkansas,
Bilkent University, University of Albany, Purdue University, University of Minnesota, Cornell
University, and many more.
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Informant
NGO are the cultural producer behind the informant frame package. Unlike the other
frame packages, the NGO typically hold a strong stance against technologies when they are first
exposed to society. When other stakeholders are focusing on how to use new technologies in
their companies (i.e., management) or societies (i.e., advancement) advantage, the informant
frame attempts to shine light onto the unknown that comes with the novelty and attempts to
notify consumers of the potential risk associated with the novel technology. This applies to
nanotechnology as well. From the beginning of the nanotechnology craze, NGO (e.g., Friends of
the Earth) have warned consumers to be careful, and that all long-term risks are unknown.
One of the positions or underlying assumptions associated with the informant frame is
that new technologies should be treated as dangerous until proven to be safe. Part of their
position is a distrust of authority. Therefore they believe that the regulations for novel
technologies are generally seen as inadequate and that consumers must be very cautious since
they have not been proven safe. Additionally, because the regulation is so inadequate, many
NGO have banned together to call for the halt of the creation of all nanomaterials. At this time,
there is no scientific evidence against nanotechnology; therefore, most appeals from the
informant frame are emotional.
The root cause that fuels the informant frame is the romantic mythos. The romantic
mythos believes that nature is beautiful and that technology is the root of evil. Furthermore, they
believe that the development of science and technology has isolated humans too much from
nature; therefore, as a society we must get back to a more natural way of living. Additionally,
they believe that sometimes economic efficiency contradicts social efficiency. In other words,
what is good for markets and the government is not always good for people; this position creates
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a distrust of authority. The Romantic Movement is generally represented by creativity, selfexpression, and emotional appeals (Thompson, 2004).
To protect, inform, and be a voice for consumers is the core foundation for the informant
cultural frame. An assumption that comes along with this foundation is that the government and
industry do not do what is best for consumers. They assume that both government and industry
just do what is in their own best interest. Therefore, both the government’s and industry’s power
must be checked.
Some descriptors used to portray the informant frame dangerous until proven safe, and
stop the sale of unsafe, untested, unlabeled novel technologies. The informant frame frequently
acts on their beliefs by petitioning to the government. Additionally, they have specifically called
for the halt of the creation of all nanomaterials.
The Role of Media, Social Networks, and Other Actors
Today, culture is mediated. Media is society’s primary source for information about
science and technology (Dudo et al., 2011). As mentioned earlier, at the core of society are
deeply held frame packages. The media will ultimately incorporate different frame’s stances into
the news, and provide their own interpreted story to society (Van Gorp, 2007). This can best be
shown in Figure 2.
As shown in Figure 2, each frame is represented by its own, freestanding circle.
Although frames can be competing or complementary (Kwan, 2009), they are stable and strong
in their own beliefs (Van Gorp, 2007), which is why I display the circles as not overlapping with
each other. The media/social networks are at the core of the figure and overlap with the key
frames. This is because the media/social networks get their ideas from the different cultural
frames and report to society about them. However, the people in the media and social networks
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circle place their own spin on the frame(s) story and ultimately give their own interpretation of
the stories the frames are telling. This is ultimately provided as feedback to the frame and allows
the framework to modify their message if necessary. The double-sided arrows in the figure
represent the communication between the frames and the media/social networks.
Technology issues can be very complicated, so media plays a large role in consumer’s
awareness, knowledge, and ultimately their behavior when it comes to novel technology (Dudo
et al., 2011). The cultural discourses can ultimately be altered by the media, depending on the
frame that is preferred by the journalist writing the message (Van Gorp, 2007). Social networks
(e.g, twitter, Facebook) are also starting to play a similar role as media as they continue to gain
in popularity. The media and social networks, then, become an increasingly important actor in
the mobilization process. This is why the media and social networks are placed at the core of
Figure 2. Both media and social networks take the core frame and they interpret the stances to
society and to their friends.
In the competition for mobilization, each of the stakeholders uses the media and social
networks in different ways. The advancement frame targets all forms of media (e.g., TV,
internet), stressing the importance of investment into new technologies. They try to get their
countries’ support for the investment; they let their citizens know that the technology is the
future. They are hoping that if nanotechnology is picked up in the realm of social networks, that
only positive things are said about nanotechnology.
In the management frame, companies use all forms of media (e.g., TV, internet, radio,
newspapers, magazines) and publicity vehicles (e.g., feature articles, interviews, special events,
press conferences and news releases) to advertise and promote their products. However,
companies will only stress the use of the novel technology in their advertisements and press
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releases if the company wants consumers to be aware that they use the novel technology. Right
now companies that use nanotechnology in their products do not seem to be advertising the
technology itself. However, they do seem to be advertising the benefits that come from using
nanotechnology.
Consumers on social media websites seem to be very critical of the companies in the
management frame. Although Nano-Care fabric, developed by Nano-Tex, LLC was named as
one of TIME magazine’s Coolest Inventions of 2002, grassroots movements have been gaining
momentum on different websites and social networks to help protest the use of Nano-Care fabric
(Time, 2002). For example, Chicago based activist group THONG (Topless Humans Organized
for Natural Genetics) organized a protest against Eddie Bauer for using Nano-Tex fabric in its
clothing lines. THONG’s website, a few blogs, and different social network websites were used
to help organize the protest. THONG members and supporters met on May 7, 2005 in the Eddie
Bauer on Chicago’s magnificent mile, where they removed all of their clothes, for spectators to
see anti-teflon and anti-nano messages written all over their body (McNamara, 2005). Pictures
from this protest were shared among many people and can still be found on many websites
including facebook.com, wired.com, blog.speculist.com, boingboing.net, nanobot.blogspot.com,
popsci.com, investorshub.com, wired.com, and treehugger.com.
The development frame uses published journal articles and writes press releases to the
media to educate other academics and the public on their research findings. Some academics
have their own websites and/or blogs that they update as well as they even post on different
social networks to help society stay updated on their research progress.
Similarly, the informant frame publishes articles and writes many media releases to help
with awareness of their messages. For example, one NGO, Friends of the Earth, has 41
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publications regarding nanotechnology. They have also had 19 media releases from 2009 to 2012
(FOE, 2012). The informant frame tries to use the media to generate fear and to persuade the
public to reject the technology. Their hope is by stirring up awareness, negative buzz regarding
nanotechnology products will be created in social media.
Other actors
Additionally, there are other actors who will also play a role. One of which are the
retailers and other providers of products that use nanotechnology. For instance, retailers,
wholesalers and all other actors in the supply chain will play a role by determining whether they
want to resell products that they know are comprised of nanomaterials. Similarly, doctors and
medical personal will ultimately decide whether they want to use nano medicines and other
medical equipment on their patients. Consumers are also an obvious actor in the network.
Communication among the Nanotechnology Actors in the Marketplace
According to the United States government’s Project on Emerging Technology (2012)
there are over 1,000 nanotechnology-based products on the US market. There are nearly 600
companies that have nanotechnology products available for sale coming from thirty different
countries. Some of the product categories these products fall into are appliances, automotive,
cross cutting, electronics and computers, food and beverages, goods for children, health and
fitness, and home and garden.
The key actors surrounding the nanotechnology network as well as consumers are
beginning to discuss these products via word of mouth and via social networking websites. As
mentioned earlier, many people have expressed their thoughts on nano makeup on the website
vivawoman.net (Chew, 2008). One of the most discussed nanotechnology products on the web is
nano sunscreen. The controversy surrounding nano sunscreen can be found at many places
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online, including the website 2020Science.org (Maynard, 2009). On the website, scientist
Andrew Maynard suggests:
Despite the often-speculative uncertainties surrounding nanoparticle-based sunscreens, it
looks like they are probably safer for some users than sunscreens that don’t use particles
as the active ingredient. Conventional UV blockers are known to cause harm in some
cases, while no evidence for harm exists as yet for nanoparticle-based UV blockers.
Maynard, a bona fide scientist trained at the University of Cambridge with years of experience
with the UK Health and Safety Executive, The United States National Institute for Occupational
Safety and Health, and The National Nanotechnology Initiative explains right away that there is
no harm in using nanotechnology. This is refuted by Georgia Miller, a representative of the
NGO, Friends of the Earth Australia, when she says:
…I am also concerned that the significant limitations to existing nanoparticle skin
penetration studies are being trivialized. There is a reason that costly, long-term studies
are still underway in the US, Australia and elsewhere, and that is because existing studies
have failed to address a lot of important ‘real life’ variables. … There are still some very
good reasons that people may wish to make a precaution-based decision to avoid using
nano-sunscreens. We should avoid giving the false impression that the choice available to
consumers is ‘poorly understood nanoparticles’ vs ‘dangerous chemicals’.
Maynard rebuttals with a lengthy response that is summarized with him saying:
I think ultimately most people want at least the opportunity to make an informed choice
over products. Even if they don’t read the labels, evidence suggests they like the idea that
they could read them if they wanted.
Looking at these three posts, we can see the individual who represents the Government
(i.e., Maynard) is saying that it is OK to trust nanotechnology. On the other hand, the person
representing the NGO (i.e., Miller) is telling us not to trust them. Clearly, there are many actors
with contradicting viewpoints on the issue of nanotechnology. These opposing stances may be
confusing to consumers. The confusion from consumers can be seen in other comments
throughout the posting on 2020science (Maynard, 2009). The interaction among actors can also
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be seen on this website. Blogger 1 (i.e., Debbie), describes her frustration with the lack of nano
labeling on sunscreen bottles by saying:
The problem of big gov and big business treating the general public as ignorant folks is
getting real old to a lot of people. I, for one am fed up!
Blogger 2 (i.e., Dave) continues this argument by saying:
Something I’m seeing between the lines (though it may not in fact be there) is an implicit
cost/benefit tradeoff. For people who are especially sensitive to the sun,one consideration
seems to be the better performance of the nanoparticle sunscreens versus their risks, on
the one hand, and the nano-free formula of competing products versus what seems to be a
lower level of protection.
If consumers are to become aware that nano materials are being used in products, then it seems
that benefits from nano products need to outweigh the cost. That is, in order to build legitimacy,
consumers must see the benefits provided.

Conclusion

Nanotechnology and its applications are growing at a rapid pace. As the market emerges,
so are competing cultural discourses that are all trying to frame nanotechnology. In this essay the
five reasons why studying nanotechnology is important and unique were discussed; then, there
was a discussion on legitimation. The spectrum of innovation was then introduced and nine
different categories of invasion were discussed. Then, Foucault’s power discourse, actor
network theory and Goffman’s frame theory analysis were all conceptualized as suggested by
pervious literature on market system dynamics.
In this essay, I also answered my research question of exploring what the actor network
system for nanotechnology looks like by identifying the four dominant frames of novel
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technologies. These dominant frames include: 1) Advancement (i.e., government), 2)
Management (i.e., industry), 3) Development (i.e., academia/scientists), and 4) Informant (i.e.,
NGO). Each of these frames has its own position, root causes, foundation, descriptors, and
actions associated with them. The role of media and social networks on the nanotechnology
network were then discussed. It is determined that media used will influence the way the new
technology is perceived; in other words “the medium is the message” (McLuhan, 1964 pp. 9). I
suggest that media and social networks are at the core of Goffman’s frame theory analysis. By
determining the actor network system for nanotechnology, I am now one step closer to
answering my overall dissertation question which is how does something that is perceived as
risky evolve into something that is trusted and legitimized? It is ultimately that mobilization
process that results in something new being defined as risky or safe.
Future research should explore how the four major frames compete, complement and
interact with each other. This can be done by following a product closely through its introduction
to the marketplace. The consumer reaction, media response and social network response will
ultimately let us know which frame(s) is/are dominating. Frame analysis theory can be used not
only to define an issue, but also to prescribe a solution (Kwan, 2009). Therefore, after looking at
the interactions and their specific roles in the media, marketing implications should be made that
will have both a lucrative and lasting effect upon consumers. Lastly, the specific relationship
between invasion and legitimation should be explored through both a scientific and public
discourse.
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III:

ESSAY 2: NANOTECHNOLOGY AND ITS ACTOR NETWORK

Introduction

It has been determined that there are four key stakeholders in the formation of
nanotechnology (Thyroff 2013, Essay 1). However, the power of market economic narrative in
the legitimation process of nanotechnology between these actors had not yet been explored.
Therefore, the purpose of this paper is to empirically explore the actor’s perceptions of the
nanotechnology network. A total of 24 (long and ethnographic) interviews were conducted with
informants that represented all four key stakeholders. A text of 208 pages was analyzed using a
hermeneutic approach to explore the dialogue between the key actors forming the
nanotechnology marketplace.
Some of the actors’ perception of their own roles are similar to how other key
stakeholders view that actor’s role. However, there are more conflicts and contradictions among
these roles than similarities. Further, an opposition between economic benefits and cultural
concerns emerged within the power of market economic narrative for the legitimation process of
nanotechnology.
The rest of this essay is as follows. First, there is a review of Essay 1 where market
system dynamics, Foucault’s discourse on power, actor network theory and Goffman’s frame
theory analysis are reviewed. The theoretical actor network for nanotechnology is then identified.
The explanation of different types of interviews, the description of text and analytical procedures
used for essay two are then discussed. The results from the analysis, which includes the themes
that emerged from the key stake holders’ perceptions of their own roles in the formation of
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nanotechnology, as well as the themes that emerged from other’s perceptions of key
stakeholder’s roles, are then analyzed and discussed. The essay ends with a discussion and then a
conclusion.
Essay 1 Review

Essay 1 took an etic perspective to study the market legitimation process of
nanotechnology and the actor network that has formed within. Market System Dynamics
literatures suggests the combination of several market formation theories to study the evolution
of markets (Siebert and Thyroff, 2012). Therefore, Essay 1 uses Actor Network Theory,
Foucault’s Discourse on Power and Goffman’s Frame analysis to discover what the actor
network for nanotechnology looks like. It is determined that the dominate frames include: 1)
Advancement (i.e., government), 2) Management (i.e., industry), 3) Development (i.e.,
academia/scientists), and 4) Informant (i.e., NGO). It is also suggested that media and social
networks are at the heart of these key stakeholders. The media and social networks then translate
what is going on in the key stakeholders to the rest of society. Ultimately, I suggest a paradigm
shift where media and social networks are at the core of Goffman’s frame analysis.
Market Legitimation
Historically, novel technologies have been studied from the perspective of the consumer
and consumer acceptance. However, a new wave of marketing research, termed market system
dynamics, has started to study the formation and creation of markets (Siebert and Thyroff, 2012).
Therefore, the entirety of this dissertation is following the market system dynamics trend and
taking a more macro marketing approach to study nanotechnology. Specifically, I examine the
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key actors who play a role in the legitimation of a technology. I have defined legitimation to be
the process by which something is deemed safe and therefore accepted by society.
Conceptualization
As mentioned before, Essay 1 took an etic approach to studying the actor network for
nanotechnology. In light of the market system dynamics movement, which encourages
researchers to combine several market formation theories to study the evolution of the
marketplace, I combined Foucault’s discourse on power, actor network theory, and Goffman’s
theory frame analysis to provide a conceptualization of actor network for nanotechnology.
Foucault’s Discourse on Power is used to study the basics of conversation and dialogue.
To study the power of conversation and success of a certain dialogue, he created two ordering
tools (i.e., archaeology and genealogy). Therefore, I applied archeology and genealogy to study
the society actors for nanotechnology (Kendall and Wickham, 1998). Since Foucault does not
discuss how to take into account all of the contingencies that lead to the cultural discourse being
established in the first place, I supplemented Foucault with Actor Network Theory. Actor
Network Theory is comprised of a four-stage model called translation that helps researchers
determine why the success of a discourse occurred or didn’t occur (Callon, 1986; Latour, 1988).
Therefore, I also explored nanotechnology through the four stages of translation (i.e.,
problematization, interessement, enrolment and mobilization). Lastly, I used Goffman’s frame
theory analysis to get a deep understanding of the societal views that frame each of the actors
discussed in actor network theory. Defining frame packages can help researchers organize
cultural phenomena and understand how frames, compete, complement and interact with each
other (Van Gorp, 2007). A frame package consists of six components: the cultural producer, the
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current position, the root cause(s), the foundation, the descriptors and the actions (Kwan, 2009).
Therefore, I also further defined the social actors by developing their frame package.
Etic Perspective of the Actor Network for Nanotechnology
After combining Foucault’s Discourse on Power, Actor Network Theory and Goffman’s
Frame Analysis, I was able to determine and define the frames and their frame packages defining
nanotechnology which are: 1) Advancement, 2) Management, 3) Development, and 4)
Informant. Each of these frames has its own culture, discourse, and position, which creates its
root causes, basic foundations, well defined descriptors, and expected associated actions. It was
theoretically determined that all frames are made up of deeply embedded cultural values and are
expressed by a societal actor. The advancement frame is culturally produced by the government,
the management frame is culturally produced by industry, the development frame is culturally
produced by academia and the informant frame is culturally produced by NGO (it can also
include consumer interests groups and union groups).
It was determined that each frame is stable and was established in its own way (Scheff,
2005). It was also determined that the media will ultimately incorporate difference frame’s
stances into the news and provide their own interpreted story to society (Van Gorp, 2007).
Technology issues can be very complicated, so media plays a large role in consumer’s
awareness, knowledge, and ultimately their behavior when it comes to novel technology (Dudo
et al., 2011). Social networks (e.g, twitter, Facebook) are also starting to play a similar role as
they continue to gain in popularity in the twenty first century. Therefore, I proposed that a
societal shift has occurred where media and social networks are now at the core of Goffman’s
frame analysis and therefore at the core of the advancement, management, development and

46

informant frames. I also concluded that the actor network for nanotechnology needed to be
empirically explored, which is what I am doing with Essay 2.

Method

The Positivist and Interpretive Paradigm of Marketing Research
There are two overarching paradigms that make up the marketing field: the positivist
paradigm and the interpretive paradigm. Paradigms are a set(s) of assumptions that make up a
discipline (Kuhn, 1996). Because some paradigms can be so ridged, it is difficult to see or
understand the perspectives of the other paradigm(s), particularly if you already prescribe to one
particular theory.
Researchers strictly following positivist assumptions believe that a truth exists. Research
is then objective and very controlled; that is, the researcher should stay unbiased and out of the
research process as much as possible. Additionally, researcher’s in this paradigm believe that it is
not necessary to understand the cultural, social, political or economic perspectives of the world
to have research validity. Rather, it is important to just strictly follow the scientific method to
provide control and help stay unbiased (Peter and Olson, 1983).
Researchers that are strictly following the interpretive paradigm tend to believe that a
universal truth does not exist. Therefore, research is subjective as well as time and context
dependent. Researchers should be encouraged to bring their personal knowledge and background
into the study to help facilitate learning. Researchers in this paradigm also believe that it is
necessary to understand the cultural, social, political and economic conditions influencing their
research to have reliability (Peter and Olson, 1983). To best understand the differences between
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the positivist and interpretive paradigm, it is important to discuss the paradigms through the
lenses of the three main braches of philosophy: ontology, epistemology and axiology.
Ontology, Epistemology, and Axiology
Ontology is the nature or being of reality; studying the ontology of something can help
answer the question “what exists?” The chief ontological debate within academia revolves
around if there is a world that is present regardless of our knowledge of it. That is, there is a
debate among researchers on whether knowledge is socially constructed within culture or if
knowledge exists in all contexts across time (Durant-Law, 2008). Positivist researchers believe
that phenomena can be studied independently of people’s direct thoughts and that control, and
being context independent helps formulate the nature of research. From this perspective, it is also
important for the researcher to stay as far out of their research as possible. Therefore, in this
paradigm, the best environment to conduct research is in a controlled laboratory. Interpretive
researchers believe that research is context dependent; the nature of science is holistic and time
dependent. Further, researchers need to use their knowledge and background to help formulate
their research. They also want to know who people are and how they relate to society (Hudson
and Ozanne, 1988).
Epistemology is the study of the nature of knowledge and justification. Although there
are some overlaps between ontology and epistemology, epistemology is less concerned with the
nature of reality (the “what”) and more concerned with the logic and rational behind studying
ontology (the “how”). Specifically, epistemology is the study of determining if observations can
be made between reality and the social phenomena being studied, and if so, how can these
observations be made (Durant-Law, 2008). The nature of positivist research is generalizability.
Once universal laws are developed through precisely controlled research, these universal laws
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can then be generalized to other contexts. The nature of knowledge for interpretive research is
theory building and reconstructing (Hudson and Ozanne, 1988). Interpretive researchers take the
details that they have learned to contextualize theory. By contextualize I mean add, modify,
deduct, and/or reconstructing existing theory.
Ontology and epistemology revolve around understanding “what’s” and “how’s” of truth
and reality. However, axiology revolves more around the understanding of values and ethics
(Durant-Law, 2008). Formally, axiology is the study of values and underlying fundamental
goals. For positivists, the underlying fundamental goal is to determine universal laws. These
universal laws will come from conducting very controlled research. The underlying fundamental
goal for interpretive researchers is having an empathetic and deep understanding for a specific
context (Hudson and Ozanne 1988).
Methods for Studying Markets
Knowing the underlying assumptions for both interpretive and positivist research, it is no
surprise that they would choose to study networks differently. A popular way for positivist
researchers to study networks is by tracing actors and actor relationships to determine how they
are connected to each other. This approach of studying networks is very good at describing real
world phenomena. However, it does not look at individual characteristics or attributes of the
actors. It also does not look at what makes for the success or failure of networks.
Knowing the differences between the paradigms and knowing that goal of essay two is to
empirically explore the actor network for nanotechnology through dialogue and deep
understanding, I immersed myself in the interpretive paradigm to study networks. By doing so, I
immersed myself into the nanotechnology market and network as much as possible for the past
three and half years. I have read over 200 articles on the history of, language used in,
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development of, and products surrounding nanotechnology. I have also spent countless hours
watching and researching the development of a nanotechnology building on a southern campus.
Once the building was completed, I have also spent dozens of hours exploring, talking with, and
listening to the people inside of the building. Lastly, I conducted 24 interviews with members of
the key stakeholders in the nanotechnology network (please see Figure 3 for IRB approval). I
have chosen to only analyze the interviews as the focal point for Essay 2.
Long, Ethnographic and Existential Phenomenological Interviews
There has been confusion in the past by assuming all interpretive research methods are
homogenous (Thompson, Locander and Pollio, 1989). Further, there has been confusion in the
past by assuming all interviews are the same; when in reality, there are actually three main types
of interviews that can be implemented to conduct qualitative research: ethnographic interviews,
long interviews, and existential phenomenological interviews. For my interviews with members
of key stakeholders in nanotechnology, I used mostly long interviews (n= 17 ). There were also a
few ethnographic interviews (n= 7).
The first type of interview that can be implemented is an ethnographical interview which
stems from ethnography. Ethnography is a research tool where a researcher emerges him or
herself into a culture to study people in their natural habitat. Once in the field of study,
researchers can then determine what ordinary daily activities in the informant’s life signify
(Emerson, Fretz and Shaw, 2011; Fetterman, 2009).
There are five main steps for conducting an ethnography. The first step is to select a
problem or a topic that is of interest for the researcher to study. The second step is to determine if
a basic or an applied role should be taken by the researcher. A basic approach means that the
researcher designs their own study and then applies for funding from a variety of sources and an
50

applied approach is when a researcher selects a research topic which a sponsor has expressed
interest in and guaranteed funding for. The third step is to select an appropriate theory by
understanding the epistemological foundation of the study that is about to take place. The fourth
step is the actual conducing of the fieldwork. While conducting the fieldwork, it is important to
triangulate all thoughts with different types of observations and conversations. The last step is to
conduct a formal analysis based on all of the note, pictures, recordings, papers, and anything else
collected while conducting the field work (Fetterman, 2009).
An ethnographic interview is an interview that takes place while a researcher is in the
informant’s natural habitat. Ethnographic interviews can be formal or informal, but tend to be
unstructured. Nonverbal cues, as well as the tone in which things are said, are important to pay
attention to in ethnographic interviews. As soon as an ethnographic interview has taken place, it
is important to take detailed notes about the encounter (Wong and Wu, 2012).
The second type of interview that can be used in qualitative research is the long
interview. The long interview is known to be one of the most powerful qualitative tools and it is
more time efficient and less interfering than an ethnographic interview (McCracken, 1988).
Rather than entering the field to interview, long interviews make use of a predetermined set of
open-ended questions to ask each participant. Long interviews are finely focused, highly
intensive and are known for maximizing efficiency.
There are four main steps for conducting a long interview. The first step is to conduct a
literature review in the area that he/she is researching to not only create distance from their own
work and from what already exists, but to also to help fine-tune the researcher’s ability to be
surprised by new knowledge. The literature review is also used to help the researcher create a
questionnaire for conducting interviews and to determine the categories of people who must be
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interviewed. The second step involves internalizing what was learned in step one to both
familiarize and unfamiliarize the researcher to the cultural categories discovered. The third step
is to create a questionnaire of open ended questions, to select informants, and to conduct the
interviews. Informants are not to be selected from traditional sampling techniques; rather, the
researcher should use his or her knowledge of the cultural categories to create distant and
contrasting thoughts among the informants. The fourth step is to get the interviews transcribed
verbatim by professional transcribers to analyze the data that has been collected (McCracken,
1988).
Existential phenomenology is the third type of interview; it combines the philosophy of
existentialism with the methods of phenomenology to get a deep empathetic understanding of a
person and an experience. To do this, researchers using existential phenomenology place
ontology before epistemology. That is, they study the fundamental reasoning and being behind
humans. The goal of existential phenomenology is to get an exhaustive and rigorous knowledge
of one’s lived experience through first-person description (Durant-Law, 2008).
There are seven steps to conduct an existential-phenomenological interview (Murray,
2011). The first step is to conduct a review of literature, develop research questions and then
develop a conceptualization that can be used as a response to your research questions. The
second step is to select a context that will best allow you to answer your research questions and
understand your conceptual framework. The third step is to select informants using a judgment
sample based on your research questions. The forth step for conducing existentialphenomenological interviews is to conduct the interview by using a relaxed, open-ended,
conversational approach that is ultimately guided by the research questions at hand. Steps five
and six involve analyzing the data using an intratexutual (i.e., writing the individual story of each
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informant) and intertextual analysis (i.e., working with every transcript at once to discover
familiar themes). The last step is to use the themes discovered in the analysis to contextualize
(i.e., alter, criticize, fine-tune, or expand) the theory at hand (Murray, 2011).
Conducting Interviews in the Nanotechnology Network
Having a thorough knowledge of each type of interview and for the context I wanted to
study (i.e., nanotechnology), I decided to conduct long interviews for my dissertation. The
people I wanted to interview in the field of technology were not going to have the patience or
logistical means to have someone conduct an ethnography around them, or have the time for
lengthy existential phenomenological interviews. Therefore, the efficient, intense and powerful
long interview was the best methodologically route. I therefore followed McCracken’s (1988)
suggested four steps for conducting long interviews. For the first step, I conducted a formal
literature review in nanotechnology. As I mentioned earlier, I read over 200 articles on the
history of, language used, development of, actors within and products surrounding the field of
nanotechnology. I also determined that there four key stakeholders (i.e., government, industry,
academia, and NGO) that were at the center of the knowledge and information surrounding the
development of nanotechnology. During the second step, I started to internalize all of the
information I had read and wrote Essay 1 of my dissertation where I processed what each of the
four key stakeholders stood for and how they conceptually interact with each other.
For the third step, I developed a questionnaire of open ended questions to ask during my
long interviews. The questionnaire ended up being six questions that were selected on their
ability to empirically explore the actor network for nanotechnology. The six questions used
included: 1) when did you first learn or become interested in nanotechnology, 2) how has
nanotechnology changed or evolved since then, 3) in your opinion, who are the societal actors
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surrounding the formation of the field of nanotechnology, 4) what are the different actors roles,
5) what do you see the future of nanotechnology being, and 6) is there anything else you want to
add before this interview is concluded? During the third step, I decided that I would conduct at
least three long interviews with each of the key stakeholders (i.e., academia, government,
industry and NGO). Informants were selected using a judgment sample preceded by a snowball
sample. That is, I selected the first round of informants based on my personal judgment; the logic
I used was based on the person’s profession and who they worked for. My tactic was to get
academic, industrial, governmental and NGO professionals who worked in the field of
nanotechnology. From there, I asked my informants if they could recommend someone else that
would be good to talk to. I found snowball sampling to be very efficient in getting informants to
participate. That is, once I was able mention a person that recommended that I talk to them, the
informant was much more willing to participate and talk with me.
In a period of three months, I ended up with three long interviews with government
officials, three long interviews with NGO representatives, four long interviews with indusial
representatives and seven long interviews with members of academia. I ended up with the most
amount of academic interviews based on the convenience of living on a college campus (that is a
leader in studying nanotechnology). Further, I found a large amount of diversity in academic’s
responses that I found important to follow-up on; I did not want to finish interviewing informants
representing a specific key stakeholder until I had a sound understanding of their role in
nanotechnology market formation and academia took a little longer to determine. Additionally,
since I spent countless hours watching and researching the development of a nanotechnology
building on a college campus and dozens of hours exploring and talking with people inside of the
building I ended up with five academic ethnographic interviews and two industrial ethnographic
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interviews. Following the fourth step of conducting long interviews, I had all of my recordings
transcribed verbatim by a professional transcription agency.
Description of the Text
In total, I ended up with 24 interviews; 17 of the interviews were long interviews and
7 of the interviews were ethnographic interviews; a summary of informants can be found in
Table 1: Informant Interview Summary
Key
Informant
Informant
Stakeholder
Name
Title
Government Franklin
Chief Scientist, Governmental Agency 1
Government George
Chief Scientist, Governmental Agency 2
Government William
Legislative Assistant of Technology, State Senator 1
Industry
Lou
Chief Executive Officer, Nano Company 1
Industry
Pete
Chief Executive Officer, Nano Company 2
Industry
Tyler
Intern, Nano Company 2
Industry
Sunny
Laboratory Supervisor, Nano Company 2
Industry
Lindsey
Institute Management Specialist, Tech. Park
Industry
Rahul
Chief Executive Officer, Nano Company 3
Academia
Buck
Graduate Student, Chemistry
Academia
Charles
Professor, Geosciences
Academia
Chrisron
Graduate Student, Physics
Academia
Damien
Professor, Environmental Medicine
Academia
Donald
Professor, Applied Science
Academia
John
Professor, Physics
Academia
Tom
Professor & Dep. Chair, Electrical Engineering
Academia
Cameron
Professor, Electrical Engineering
Academia
Drew
Building Manager, Nano Building 1
Academia
Lisa
Institute Management Specialist, Nano Building 1
Academia
Madelyn
Graduate Student, Physics
Academia
Nikki
Graduate Student, Physics
NGO
Malcolm
Chief Researcher, NGO 1
NGO
Sean
Executive Director, NGO 2
NGO
Vincent
Policy Analyst, NGO 3
LI = Long Interview, E = Ethnographic Interview

Type of
Interview
LI
LI
LI
LI
LI
LI
LI
E
E
LI
LI
LI
LI
LI
LI
LI
E
E
E
E
E
LI
LI
LI

Table 1. I ended up with 7 long interviews and 5 ethnographic interviews in the field of
academia. I also ended up with 4 long interviews and 2 ethnographic interviews in industry. I
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also had 3 long interviews with both government and NGO officials. Lengths of the recorded
interviews (not including any of the small talk before and/or after the interview not pertaining to
nanotechnology) ranged from 15 minutes to 40 minutes with the mean length of 22 minutes. All
informants were residents of the United States or Canada. A summary of informant interviews
can be found in Table 1.
The transcription of the recorded verbatim long interviews as well as all of my notes from
the ethnographic interviews made up the entirety of the text that I analyzed. In its entirety, the
text made comprised a 208 page word document.
Analytical Procedures
To analyze the data, a hermeneutically grounded framework was used. A hermeneutical
framework was selected for its ability to drive insights from qualitative research. Hermeneutics is
a philosophical program and theoretical foundation, and when used to analyze data it is a two
step part-to-whole process (Thompson, 1997).
The first step is conducting an intratexutual analysis where each interview is read one at a
time. During this process, the researcher is to pay attention to temporal sequencing, narrative
framing and dialectical tacking (Murray, 2011). Temporal sequencing takes place when the
researcher puts the informant’s story together in a sequential order. Narrative framing is when
the researcher begins to decipher what significant points in the interview signify. Dialectical
tacking takes place when the researcher applies the interview to the conceptual framework
(Murray, 2011; Thompson, 1997).
The second step of the hermeneutically grounded framework is to conduct an intertextual
analysis. During the intertextual analysis, all of the interviews are analyzed together as a single
text. Common story lines are then sought out and key themes are developed. The key themes not
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only represent the full text, but they also represent the researcher’s interpretation of the text and
are supported by interview quotations (Murray, 2011; Thompson, 1997).
While using the hermeneutical framework to analyze data, it is important for researchers
to maintain an emic/etic balance (Thompson, 1997). Emic refers to the story and etic refers to the
theory. Therefore, having too much emic, means there is not enough use of theory and having
too much etic, means there is not enough context. Having too much of either emic or etic makes
it difficult to contextualize theory and therefore difficult to have a theoretical contribution
(Murray, 2011).
To apply the hermeneutical framework analysis to my own data, I started with an
intratexutual analysis by taking one interview at a time and put the informant’s story in
sequential order. I also paid attention to narrative framing by determining what the key points in
each informant’s story was. To help with dialectical tacking, I started four new word documents,
each titled with the name of one of the key stakeholders (i.e., government, industry, academia,
and NGO). I then took one interview at a time and rewrote the informant’s story into the four
new word documents as appropriate. That is, when the informant was referring to any of the key
stakeholders, I wrote their story in that appropriate document. Having the four individual
documents helped me bring to place the text into the conceptual framework. Once I was done
rewriting each of the informant’s stories I had 12 pages on government, 11 pages on industry, 21
pages on academia, and 9 pages on NGO.
The four new word documents gave me a great platform to begin the intertextual data
analysis. I was able to sort through the stories to determine the key themes and common story
lines among the interviews which are explored in the results and analysis section. It was
determined that there were three themes for how government perceived their role in the
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formation of nanotechnology and three themes for how other key stakeholders viewed
government’s role. The same was true for both industry and academia. However, for NGO there
were three themes that emerged from NGO describing their own role in the market formation for
nanotechnology, but only one theme that emerged from other actor’s describing NGO role.

Results and Analysis

It is important to determine how each of the key actors views themselves and how the
other actors view them. The three themes that emerge when government talks about their role in
the formation of the nanotechnology market include: 1) Intentional Establishment of Big Picture
Technology, 2) Sustaining World Power, and 3) Safety Check Within. The three themes that
emerge when other key stakeholders discuss government’s role are: 1) Funding as a Double
Edged Sword, 2) Skeptical on Safety, and 3) International Comparison and Concerns. The three
themes that emerge when industry discusses its role include: 1) From Science to Society, 2)
Better Products for a Better Life, and 3) Fix the Economy. The three themes that emerge when
other key stakeholders discuss industry’s role are: 1) 100% Responsible for Commercialization,
2) Secrets and Nontransparency, and 3) Most in Need for Precautionary Principle. The three
themes that emerge when Academia discusses its role in the formation include: 1) Progressors of
Science, 2)Importance of Studying Pros & Cons, 3) Heart of Information. These three themes are
the same themes that emerge when other key stakeholders discuss academia’s role in the
marketplace formation for nanotechnology. The three themes that emerge when NGO discuss
role are 1) Facilitating for Society, 2) Firm Stance on Safety, and 3) Information Disseminators.
However, there is only one theme that emerges when other actors discuss NGO role and it is: 1)
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NGO are (relatively) Unimportant. All of the key stakeholder themes are summarized in Table
3.
Government (i.e., Advancement)
Self Perspective of Actor Role. There are three overarching themes that describe the
way that government views themselves in the development of nanotechnology. These three
themes include: 1) Intentional Establishment of Big Picture Technology, 2) Sustaining World
Power, and 3) Safety Check Within. Each theme revolves around the idea of being big thinkers,
being in control of the market and its formation, and having the capability to be independent
from other actors. The government understands that they can fund, research and, develop
nanotechnology, as well as test for the safety of nanotechnology, all within its actor network.
Intentional Establishment of Big Picture Technology. The government views itself as
the starters of nanotechnology and the dominate actor in the formation of nanotechnology. The
government prides itself as being the first entity that discovered how important nanotechnology
was going to be to the future of society. That is, it realized early on that nanotechnology is a set
of enabling tools that were going to be able to create new products, new processes and new
technologies. Further, the government has a history of investing in high risk, high reward
technologies, so nanotechnology was seen as a natural fit for the government to invest in.
William (government) supports this when he says,
The United States federal government recognized early on that nanotechnology was
going to be part of the next new thing. The federal government has always played a key
role in investing in early stage, high risk, high reward science and technology. I think that
that’s why there’s been such a significant investment on the part of the federal
government in nanotech.
The government sees nanotechnology as a technology that was developed very
intentionally by the government. Whereas some technologies evolve and develop over time
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naturally or accidently through the scientific process, nanotechnology developed very
deliberately. Franklin (government) says,
[Nanotechnology] developed deliberately. Let me say why I use that term. There are
some fields of science that just sort of accidentally evolve. You make a discovery and this
happens and that happens. Someone figures out how to make it cheaper and Bang! It just
takes off. There are other fields of science that are very deliberate.
There are two governmental programs that assisted in the intentional development of
nanotechnology: 1) The National Nanotechnology Initiative (NNI) and 2) The National Cancer
Institute’s investment in nanotechnology.
The NNI was established in 1999 to support the development of nanotechnology through
world-class nanotechnology research and development. However, beyond the funding,
government officials said the most important thing that the NNI established was coordination
and communication between federal agencies. That is, the NNI made sure that agencies were
acting efficiently so that no one was trying to work on the exact same things. Franklin
(government) explains this by saying,
It [the NNI] just coordinates between federal agencies what they’re doing. So it was the
only place that EPA, and FDA, and the Department of Defense, and the Department of
Energy, and all these folks could come together and say, here’s what were doing so that
one agency can say, wait a minute, we’re doing the same thing. Why don’t we get our
people together, or why don’t you do this and we fund that. It really is more of a
coordination committee than it is a money give out committee.
The second thing the government did to spark the intentional growth in nanotechnology
was through the National Cancer Institute developing the Nanotechnology Characterization
Laboratory (NCL). The government saw the potential that nanotechnology had to potential
diagnose, prevent and cure cancer. Therefore, it put aside 140 million dollars for the NCL to
equip and get the right scientists into its laboratories. Through this investment, the NCL has
developed a process that speeds up the safety testing of nanomaterials that may be helpful in the
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treatment of cancer. Since its establishment, the NCL has tested over 150 nanodrugs that
scientists have developed to diagnose, treat or prevent cancer. Franklin (government) confirms
this when he says,
The NCI said we can’t wait for all the toxicology evidence to evolve; we’re going to go
ahead and throw our money right into a laboratory effort to figure out how to figure out if
these nanomaterials are safe. So what they announced was, if you are developing a drug,
which will either help diagnose, treat, or prevent cancer, give it to us, we’ll sign all the
agreements and let us do all the characterization and all the safety testing on it. So what
they did was coordinate, and they have processed over one hundred and fifty drugs that
people have developed — nano-drugs — to either diagnose, treat, or prevent cancer. And
they did very consistent, at the Nanotechnology Characterization Laboratory a very
consistent process on how to thoroughly characterize this material and test it to see if it
meets the EPA and FDA specifications for safety.
The government believes that it is their responsibility to continue to support the research
and development of nanotechnology and to also help support the engineering and demonstration
of the products. During the engineering and demonstration phase, people are informed on how to
make the products, processes and technology.
Sustaining World Power. The second theme revolves around the notion of the United
States needing to invest into nanotechnology to keep world power. The United States
government believes that nanotechnology is important for the health of the country by having
medical breakthroughs that will change the rest of the world. For example, the government
believes that nanotechnology will help keep the United States ahead of the medical field through
its potential ability to cure cancer, develop regenerative medicines and product artificial organs.
The government also believes that it is important to be the first country to be able to
develop better products that are based on nanotechnology. The government believes that only
will these nanotechnology products make society happier and healthier, but it will allow our
consumer and business-to-business markets to thrive.
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Further, the government also considers it important for the United States to stay at the
forefront of nanotechnology for security and safety purposes. The United States government is
aware of other countries’ developments and is always trying to make sure that they are ahead.
The government also watches nanotechnology closely in other countries because they do not
want it to get into the wrong country’s hands. For instance, the materials in Nano Building 1 are
exported all over the country and world. Some of the largest buyers of the nano materials were in
China. However, the government decided that they did not like the developments being made in
China on nanotechnology, so they banned Nano Building 1 from exporting any nano materials
from China. Franklin (government) says,
This is an international commercial issue. The United States must stay at the forefront of
this. If we get behind, we’re not going to catch up. And so the government has a vested
interest in the economy and survival of this country to make sure that we are equipped.
Safety Check Within. The last theme from the self perspective of government revolves
around the idea that the government can handle all aspects of nanotechnology, including safety.
The government admits that they are concerned about the safety of nanotechnology since a lot of
the basic chemistry and physics regarding the properties of nanomaterials are still not known.
However, they believe that they have and will continue to conduct the proper nanotoxicity
research so that no harm is incurred to society. Further, government officials believe that the
field of nanotoxicology developed just as deliberately and intentionally as the field of
nanotechnology. Nanotoxicology is the study of the toxicity of nanomaterials and nanoparticles
(Oberdörster, 2010). The government is proud that toxicologist began to realize the importance
of nanotoxicology at an early stage of nanotechnology development and began to study it as
well.
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One of the government informants I talked to, George, is also a toxicologist. He is proud
to admit that he has studied nanotoxicology long before it was termed nanotoxicology. He said
that he has attended one of the top toxicologists in the country’s lectures on ultra fine particles
and their unique characteristics for several years before they started calling ultra-fine particles
nanoparticles (the top toxicologist that he is referring to is academic informant Damien). George
says that he and his colleague’s research on nanotoxicology helps academia, industry and other
governmental employee’s alike to move forward in nanotoxicology research. George
(government) explains this by saying,
Industry benefits in that they take my data and develop material safety sheets for their
material. They can develop safety protocols, controls and preventions strategies for their
material. We have actually worked directly in collaboration with several industries on
that. For instance, we’ve worked with IBM to test their material. We worked with some
nanotube manufacturers in Japan to work on their material, test their material for them.
Who else benefits? It would be the Federal Regulatory Agencies.
Further, the government has been in the process of transferring its knowledge of
nanotoxicity to government agencies and empowering different governmental agencies to help
with product testing for nanoproducts. For instance, William was on a committee that helped
pass legislation on the safety of nanotechnology in 2010. He worked closely with the Health,
Education, Labor and Pensions (HELP) Committee and informed it on the importance of
furthering knowledge on the safety of nanotechnology. With much research it placed its safety
legislation into a Safety and Innovation Act and it passed in congress and was signed into law.
The new legislation empowers and holds certain governmental agencies responsible for safety
testing of nanotechnology products. Governmental employees also believe that it is the job of
the government to assure consumers and society that nanotechnology products are safe. Some
pieces of legislation (like the one William helped passed) helped with this process. William
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(government) explains some of his logic behind the importance of the safety legislation he
helped pass, when he says,
Yeah, we’re going to work to get them [the government agencies responsible] the
resources that they need in terms of staff and money to go ahead and implement the
program because, again, this is all about public safety, making sure that the public
doesn’t, when they read Michael Crichton’s book or something like that that they don’t
fear these products. It’s up to the federal government to provide that assurance that these
products are safe.
This quote also shows that the government believes that it is either going to be them talking to
society or no one else. The government does not acknowledge the role of the other actors in
informing the public.
At this point, government admits that it is not possible to safety test every type of
nanomaterials on the market. However, the government believes that they have developed a
classification process that will allow them to accomplish safety testing without having to test
every type of nanomaterials. The new classification system is called control banding. Control
banding is the process of putting nanomaterials into classifications and categories with each
other. Then, based on the classification system, scientists can tell what chemicals are structurally
similar to each other. Then they can create benchmark particles in each category that they test
and know toxicity levels of. This system will allow scientists to classify the 10,000
nanochemicals in commerce right now without having to tests everyone. For example, George
(government) says,
We put materials in categories and understand how our category of materials work and
then do some rapid testing to put those materials within a category in a sequence of
potency. For instance, a category may be carbon nanotubes. There may be 100 different
companies who make different types of carbon nanotubes. If we knew enough about how
that category affected the lung could we put a new product that we hadn’t tested yet in a
sequence of potency within that category. That’s from knowing its physical chemical
property.
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Some governmental officials believe that this classification system is one of the largest
developments within nanotechnology in the past ten years. There is some governmental concern
that industries will be against control banding; however, the government is positive that the
classification will only help products be produced faster in the long run. George (government)
gives the following example on how the classification system can actually help speed up the
process of product development:
As far as the market is concerned, some people will say toxicology research is bad for the
industry, for the commercialization of these materials because you’re finding biological
effects of concern. [Government agency 2’s] position has always been for those
industries to succeed long term they have to know the relative toxicology of their material
so they can overcome that. There’s many ways to overcome it. For instance, control
technology, normal control technology works for nanoparticles. The same sort of
ventilatory controlling containment and use of respirators that you would use for any
particle that we’ve used for hundreds of years would work for nanoparticles. Being armed
with that, they can have a safety workplace. The other thing, if we do these categories of
materials and we find out what properties are particularly potent, then the material
scientists can engineer out those properties. For instance, if we say carbon nanotubes are
bad because they’re long and thin, maybe we can make carbon structures that are not
fibers. Maybe they can be plates instead and still have the same commercialization
potential but without the toxicology. In that way I think nanotoxicology is important for
the development of the commercialization and the industry’s growth.
Other’s Perspective of Actor Role. There are three themes that emerge when
establishing other actor’s perspectives of the government’s role in the formation of
nanotechnology. These three themes include: 1) Funding as a Double Edged Sword, 2) More
Responsible Safety and 3) International Comparisons and Concerns. It becomes apparent that
other key stakeholders view what the government does very differently than how the government
views its role.
Governmental Funding as a Double Edged Sword. The other, non-governmental
stakeholders, tend to agree that they are thankful for governmental funding for sciences. They
seem to understand that the government has the ability to see the big picture of the future and it
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is up to them fund the appropriate places based on what’s best for the long-term success for
society. Other stakeholders tend to respect the government’s decisions to invest into
nanotechnology more than industry’s because the bottom line isn’t profit for the government.
Rather, the government is concerned for the wellbeing of its citizens, which includes national
security, medical advances and world power. Tom (academia) explains this well by saying:
Government takes the responsibility of generating the science that was used to mold—to
make a product. Government was really at the forefront on this and in my opinion
government did the right thing by supporting nanotechnology and they still support it
today, and the strength that’s selective because industry, they all think short-term. They
want the short-term profit; government’s thinking more big picture. Big picture, more
long term, more fundamental because we—even for national security point of view, if we
don’t develop the science that will lead ten years from today, other people would do it
and then it will affect national security.
The government also appears to donate the most amount of money for the development
of different nanotechnology buildings on University campuses. For instance, Dave (academia)
explained that federal government had contributed the most amount of money to the
development of Nano Building 1 where he works. He said that the state government has also
matched a lot of the money because they know it will help the industry in the state that the
building is located in, in the long run.
Many academics believe that the government is the catalysis for most all academic
research on nanotechnology. Specifically, they see the Department of Defense and the Defense
Advanced Research Projects Agency (DARPA) as funding countless amounts of projects that
will be used in all different branches, agencies and intelligence in government including the Air
Force and Navy. Academic nanotechnology researcher, Chrisron, believes that DARPA
specifically is the main reason why there are so many universities around the world that have the
opportunity to study nanotechnology right now. Chrisron (academia) says:
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In my opinion, this [DARPA] is why you have people at every university in the country
and world almost doing research on nanotechnology even though it’s really only a
handful of the best who make the contributions that really impact society and actually
make the advances that get used by—the other half of DARPA is contractors which are
defense contractors who actually take this basic research and make it into something
useful for the defense and intelligence agencies.
Academia isn’t the only other actor that uses governmental funding; industry is also
thankful for governmental funding. Pete (industry) says that the government has been the most
influential societal actor to him since the government not only has provided him with the funding
he needed for his research breakthroughs (that eventually led him to starting his own company),
but the government has also provided him with the funding he has needed to start his company.
Although the government’s intentional funding of nanotechnology is appreciated by other
key stakeholders, the deliberate funding appears to be a double edged sword. That is, the
deliberate funding of a particular science also means that the government is not allowing science
to happen naturally which is frustrating to some academics. Further, the deliberate funding of a
particular science is going against the philosophy of science and nature of scientific revolution
(see Kuhn, 1996; Hunt, 2002).
For example, while Chrisron was a graduate student, he would frequently get frustrated
while having to do work with DARPA, to the point that he refers to nanotechnology as the “antiscience.” This is because rather than getting to pursue a specific phenomenon that was
interesting to him, that he had learned about from previous research that he could build on, he
had to research specific assignments that DARPA gave to him and his advisor. Rather than
giving back to academia, he was giving back to the government. Charles (academia) expresses
his frustration with nanotechnology evolving intentionally when saying,
[Nanotechnology] is really anti-science. There's no science at all. It's just business. It's
like there's money to be made, right? It's business, and that—so the development, and
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research, and commercialization of nanotechnology has ran very fast ahead of regulatory
concerns of any kind. That's where we are now. They've just gotten so far out in front,
and we're just now getting to the point where people are starting to think about, "What do
these do? Oh, maybe we should regulate this. You know, how do we know?" I think that's
probably not atypical for a lot of technologies. Right?
Further, a lot of academicians admit that they wish they weren’t so reliant on
governmental funding for the research because of its ability to slow down academic research or
bring research to a halt altogether. Nikki and Madelyn, two physics PhD students who are in
their fifth year of study and are not close to finishing their degree because their research is going
slow, they claim the main contributor to this is the breaks in government funding. Once their
research money runs out, they have to stop their research, apply for more governmental funding,
and wait until they receive another grant before starting the research process again. Although
they are appreciative for the funding, they wish the process wasn’t so bureaucratic and slow.
Also, due to how reliant academics are on governmental funding, they find themselves
having to adjust the names of what they are studying to qualify for research grants, which is
sometimes frustrating. For instance, John, a physicist who is an expert in the field of lasers,
realized that by using governmental hot words, like nanotechnology, he could receive a lot more
consistent funding than he was previously. Therefore, after receiving his PhD, he began to teach
himself how to apply his knowledge of lasers to nanoparticles. John (academia) says,
The field has been around for a long time, and there have been people who have been
doing research in that field without calling it nanoscience or nanotechnology. A couple of
people that we hired that are in the department became interested in it, and also we
became aware of various—I guess—the study papers or the white papers and so on, put
out by funding agencies that were getting President Clinton's—I mean—during his
presidency, they passed the NNI. Yeah, so it became clear that the funding and so on is
going to be there. Anyway, so I—that is when I started looking to see, with my
background, what sort of things I can do.
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Because of this intentional research that is taking place in nanotechnology that goes right
back to help government rather than academia, Chrisron believes that the government should
give society a return on its investment when it comes to nanotechnology. Rather than individual
people in industry or governmental branches benefiting from nanotechnology, some of the tax
money invested on nanotechnology should go back into replenishing the large financial deficit
the United States is in right now. Chrisron explains this by saying,
When I think about people standing around complaining about paying taxes and I think of
how we were given so much money to do this research and there really are a bunch of
people giving a lot of money in the U.S. If we were a venture capitalist funding
somebody that had 99 and 100 chance of succeeding, we would make so much money off
of that investment. We would get 90% of the profits of that investment. Whatever that
company—if we were investing in a company we would get 90% of their profit as an
investment capital, but we don’t. All we get is this promise that somehow—this abstract
promise that nanotechnology is going to improve our lives. We don’t get a return on our
investment. Then we’re told that there’s this deficit that we’re having trouble paying for.
I know that these defense companies are making bank off of this research that was funded
at a university level, including I think, nanotechnology. They benefit from
nanotechnology also. It’s really frustrating to me. We’re being asked to pay for these
technologies but if we were really like in a capitalist or like free market system where the
investors were getting paid the way they say they should, I don’t think that there would
be a deficit.
Skeptical on Safety. The skeptical on safety theme develops around government’s stance
on the safety of nanotechnology. Although we learned earlier that the government believes that
its standards for safety are efficient and strong, the other actors in the nanotechnology
marketplace formation tend to see things very differently.
NGO would like the government to put a lot more money into the funding of
nanotoxiciology research and nanosafety research. They also wish that the government would
support them in the banning of the production of nanotechnology products until more safety
studies have been conducted. Further, NGO would like the government to be more stringent
when testing nanotechnology products.
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NGO also hope that the future of nanotechnology includes a lot more regulation from the
government. Specifically, an entirely new standard of regulation for nanoparticles would be
ideal. They acknowledge that nanotechnology brings about all new chemicals so a new set of
regulation is logical. For instance, Vincent (NGO) believes that nano products need to have a
labeling requirement and should only be available by prescription. Vincent (NGO) says,
We have so many problems with of overuse of antibiotics we don’t need them every part
of our lives. In our cutting boards. In our walls. In our beds. In our underwear. In our
socks. We don’t need nanosilver in all of those. We would like to see labeling
requirements. In fact, we’ve recently been talking with the FDA some about this kind of
thing. If you don’t have all the data you need all the more reason to label these nano
chemicals as nano, so at least we can begin to in the future collect epidemiological data.
It’s one thing for a diabetic to have socks with nanosilver in them to keep them from
getting diabetic sores. It’s another thing for everyone to have them. In some ways it’s the
same reason we make you get a prescription for some drugs. It may be that you should
get subscription or prescription to have nanocopper and nanosilver sheets.
NGO are also hoping that the government will take the time to step and discover what possible
health and environmental problems could arise from nanoproducts that are already on the market.
For example, one product that they are concerned about is nanocopper that has been used to treat
lumber so it doesn’t rot. After many years of suggesting an investigation, NGO were happy to
see that the Consumer Product Safety Commission starting to work with NGO to look at
potential health and environmental consequences from using lumber that has been treated with
nanocopper. They will now be able to figure out the best way to handle the nanocopper treated
lumber. For example, they will know whether they can burn the lumber without releasing
dangerous chemicals.
Several academics also expressed concerns for a lack of safety testing. Many of these
academics believe that the government should follow the precautionary principle more closely.
The precautionary principle is a fundamental concept in environmental science that explains that
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there is a social responsibility for scientists to protect the public if there is any suspected risk of
harm to the people or the environment associated with any idea or action in their scientific
findings. That is, given great uncertainty about long term and short term impacts, great caution
should be used for society’s sake.
Academics believe that there have been too many developments in the field of
nanotechnology for the government to go back and test at this point. Buck (academia) says,
The FDA, I doubt that they are doing much. My girlfriend actually works for the FDA—
like she tests known toxins and tries to figure out at what levels that they are toxic. I
don’t know how much new products they are actually testing — yeah because there’s so
much stuff that just comes out every day that you have to wait to see if it’s going to be
something that’s going to be mass produced before you want to waste the time testing.
Some academics are upset that the government isn’t concerned with testing nanoproducts until it
knows that they are going to be mass produced. They are also concerned that the government
may not have enough safety controls in place for testing nanotechnology since not all products
are food or drug related.
Even a few industry members expressed concern with a lack of governmental support in
the testing of nanoproducts and nanomaterials. Lou (industry) believes that due to the lack of
regulation guidelines, it is really hard for an entrepreneur to make the right decisions when it
comes to nanotechnology regulation. Lou would like to see the government give guiding
principles or best practices when it comes to nanotechnology. Lou (industry) expresses this when
he says:
As the industry matures and applications are identified where nanomaterials can have
meaningful, positive impact, it won’t be as difficult in the future [to determine best
practices for nanotechnology]. Care and handling of nanomaterials as it relates to
humans. I think as those standards become adopted and more defined that it’ll be an
easier space to navigate. Just sometimes even—we’re dealing with people in Asia and
people in Europe and people across the U.S. and just things that should be as simple as
sending a package—I have a package that’s been sitting in customs for a month right now
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because I had to put nanomaterials on the package and it freaks people out. Everything
more complicated with nanotechnology. The health and safety of our staff, we don’t want
to expose any of our team so we have to be very careful with what we’re doing and that’s
different with working with bulk materials. You have to assume that whatever you’re
doing is going to be hazardous because you don’t know that it’s not.
Not only do other actors wish the government would fund and conduct more safety
studies on nanotechnology, many actors believe that the government is intentionally keeping
society and consumers unaware of nanotechnology so they do not need to conduct as many
safety studies. Malcolm (NGO) expresses this when he says,
That’s always the debate. Is that correct or should we be starting with a more
precautionary approach? Should we be starting with more transparency toward the public
and between governments?
Sean, another NGO representative believes that the government will continue to fund and help
out with nanotechnology research and development until society finds out about what is going
on, and demands government to stop. Actors in general would like to see the government be
more active in informing society about nanotechnology.
International Comparison and Concerns. Throughout the conversations with other
actors about the United States government, a common theme was to reference or to compare the
United States government to other governments. There was also a lot of concern about how other
countries were going to handle nanoproducts and how that was going to affect the commerce of
nanoproducts in the United States.
When comparing world governments, it becomes apparent that some governments have a
larger history of regulation than others. Other actors perceive that the United States’ government
tends to be the most laissez-faire when it comes to innovation and technology than many other
world governments. That is, the United States government is a lot less proactive with regulation
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than other governments and that the United States government is one of the slowest countries to
regulate new technology.
When it comes to nanotechnology, NGO are impressed with other country’s governments
who are more proactive than the United States. For example, the Brazilian Government is being
a lot more proactive to protect factory workers that come in contact with nanomaterials. Vincent
(NGO) says:
In Brazil a number of the pharmaceutical unions have actually got put into their contract
that nano status with materials they’re handling should be disclosed to the union. I hadn’t
heard of that until I meeting in June with Brazilian union folks and we were impressed.
Vincent wishes that the United States would be more proactive as well. He isn’t so sure that it is
the consumers that are against regulation in general, but that is more of the government and
politicians who are. Charles (academia) believes that United States has always been the most
extreme government in the world when it comes to being hands-off with regulation. Charles
(academia) says,
Like a lot of the European governments are much more— and focused on, "Let's do
research on these things and let's be more precautionary about this." They're much more
regulatory than the U.S. The U.S. is just kind of the wild west. The U.S. is really pretty
much the wild west for nanotechnology like anything goes. I think it's an American thing
I think a lot. I mean it is the frontier mentality like, "We can do whatever we want. It's all
free market laissez-faire capitalism." Right? I think that's a really pervasive model here,
so anything goes and regulation's bad. We're in a situation where we find a new thing to
pollute the environment with and there's no regulations.
Charles wishes we could learn from other countries that are more receptive to regulation. For
instance, Charles sees the European Union as being way ahead of the United States when it
comes to regulation. Charles explains that the European Union is already considering labeling
laws for products that contain nanotechnology.
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Actors also expressed that they would like to see all nanotechnology regulations be set at
an international level for two reasons. The first reason is so that other governments can learn
from each other when it comes to regulation. For instance, Vincent (NGO) is concerned that
China’s lack of regulation of nanoparticles in manufacturing plants is already leading to chronic
respiratory problems for workers. He believes that the United States government should take
note of this situation and adjust its regulation accordingly.
The second reason that actors would like to see consistent international nanotechnology
regulations is because the twenty-first century’s marketplace is global. That is, products are
rarely manufactured from materials and workers in one country. For instance, the Apple iPod is
made up of 451 parts that come from dozens of different countries (Varian, 2007). Vincent
(NGO) says,
We need standards that are worldwide so we know what we’re buying and where in the
world it comes from. I think too that in the groups like ours have been among groups
making the list of nano products. We’re really like to see the Consumer Product Safety
Commission or other government groups make this list. In order to do that they’re going
to need more resources. They’re going to need the ability to ask a company is this nano or
not? Our lists are made up of companies that are brave enough or brazen enough to list
the nano content of the products. That probably skews it to Asian made products because
nano has a different view in Asia than it does in the rest of the world. This world doesn’t
view nano is really positive but in Asia nano is positive, so we end up with a lot of
products that have nano advertised as to what they are or aren’t.
Industry (i.e., Management)
Self Perspective of Actor Role. There are three main themes that revolve around the
industry’s perceptions of themselves. These three themes include: 1) From Science to Society, 2)
Better Products for a Better Life, and 3) Fix the Economy. Collaboratively, the three themes
describe industry’s role as bringing science to society through nanoproducts that can not only
improve lifestyle, but can also fix the economy.
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From Science to Society. The theme from science to society revolves around the idea
that industry knows that its role is to take what takes place in academic laboratories and translate
the information into products that can benefit society.
Rahul, a professor and CEO of a nanotechnology company, goal is to bring
nanotechnology into the marketplace. Rahul gives lectures all over the country on the importance
of taking nanotechnology from outside of the laboratory and into society. Rahul stresses that
America is full of brilliant-minded people. He said that there are many indications of this, but it
can especially be seen in academic journals and publications. Rahul mentions that there are over
300,000 research papers on the topic of carbon nanotubes alone, and over 400 million dollars
invested in the research to produce those papers. However, Rahul points out that as of now, there
are only two products that are using carbon nanotubes: the first product is a bowling ball and the
second product is a small piece of equipment on aircraft. He stresses that with all the research
that has been done on carbon nanotubes, there should a lot more products made.
A lot of industry members feel similar to Rahul in that it is important to transfer research
ideas into industry. In fact, it appears that most of the people who are in industry are people who
left academia with a breakthrough idea in their own research. Their hopes are to take an
entrepreneurial route with their idea and bring their research to life through product
development.
Pete is another industry member with a similar background as Rahul’s background.
While pursuing his PhD in electrical engineering, he knew he wanted to pursue a career in the
industry once he was finished. His initial research was on the early detection of breast cancer,
and realized then what a large impact his research could have on society. Then, Pete started to
learn more about micro and nanotechnology and realized that his research could be pursued at
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that level. Once applying micro and nanotechnology to his research, he knew that there would be
a lot of entrepreneurial opportunities for him in the future. Pete says,
I really liked that [entrepreneurial] aspect of it. When I found out about this technology
for the large grand polysilicon, I had enough background to kind of be dangerous with it.
It seemed intriguing and there was an opportunity there so I just tried to learn more.
Then, opening this company has been a consequence for sure.
Pete says that he has enjoyed the transition from academia to industry. The idea of giving back to
society is exciting to him. Right now he is enjoying selling his developments to other companies
and he is looking forward to transitioning into the consumer sector one day.
There are actually support programs on certain college campuses that help young
entrepreneurs transition from academia to industry. Pete took advantage of what of these
programs on his college campus called the technology incubator. The business technology
incubator offers discounted services to qualifying, early staged, technology-intensive
entrepreneurs and businesses. The incubator helps startup companies grow by giving them
discounted workspace and discounted access to expensive laboratory equipment. Companies
who successfully bloom and grow out of the incubator are usually then strong enough to be on
their own.
Lou (industry) has had a similar story where his colleagues saw the importance from
transitioning from academia to industry, but Lou was hired as the business mind to supplement
the academic entrepreneurs. That is, Lou is an industry and business expert with no background
in nanotechnology or advanced degrees in science. However, he was asked to start a company
with academicians. Lou (industry) explains this when he says,
I am part of a group that licenses technology from two universities so I’m actually the
business end of that. While I did have to immerse myself in science and bring myself up
to speed so that I could just discuss nanomaterials and applications with industry as well
as academia, I didn’t have to actually perform any of the R&D personally.
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This is why he was able to help open the company in 2007 when he had only heard about
nanotechnology for the first time in 2006.
Better Products for a Better Life. Overall, most people in the nanotechnology industry
believe that they hold the power to improve lives through their products. Actors in industry use
words like “exciting,” “potential,” and even “necessity” to describe what they do. That is, the
products that they are able to create will have the potential to make life better. Many industry
workers, like Sunny, actually can’t think of any reason that anyone would or should be against
nanotechnology.
It is more than the physical products with improved attributes that make industry
members excited though. It is the ability to keep up with the growing world population and the
fact that everyone in our population tends to want more and more consumer goods which require
more materials. Further, in the twenty-first century, consumers are demanding high quality
products at a low cost. The industry feels that nanotechnology provides the answer to all of these
consumer demands. Nanotechnology allows companies to produce high quality products, using
fewer materials. A young employee, Tyler (industry) also has similar feelings. Tyler says,
[Nanotechnology] is completely necessary. It’s inevitable that we need it. People need to
work more towards it because there are more people in the world. Everything becomes
more crowded so we need to become more efficient because we can use less space. You
need these, like more efficient smaller scale because we don’t have—like eventually
we’ll run out of room to draw the processes that we want to accommodate for everybody.
Several CEOs also mentioned that the reason they went into the field of nanotechnology was
because of the endless amount of room to pioneer and manufacture products. Some industry
workers also believe that their products have the potential to improve lives through improving
the environment and nation’s energy resources. One example of this is with Pete (industry),
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whose company specializes in nanosolar paneling. Pete is excited about the potential that his
products have to get efficient solar paneling to more people at a low cost. Pete explains this when
he says,
The mission, I’d say, of our company is to enable cost competitive solar manufacturing
regardless of geography, while relying on abundant non-toxic materials. That’s kind of
our lofty goal…. Our goal is to reduce the cost of solar PV and in doing so make solar a
large part of our nation’s energy resources. I think, in that specific market, the
opportunity by itself is huge but nanotechnology in general, I mean I don’t know if
there’s a field that won’t be impacted by nanotechnology.
Although nanotechnology is full of potential to make new and wonderful products, there
is some frustration expressed by some members in industry that there have been no huge
nanotechnology product breakthroughs as of yet. That is, there have been many small
applications of nanotechnology in products; however, the life changing product that improves all
of society hasn’t happened yet. There is also some frustration surrounding the manufacturing
process of developing products that use nanomaterials due to the lengthy amount of time it can
take. Lou (industry) explains this when he says,
There is not—there still remains to be killer apps identified and commercialized for
nanomaterials. There are sunscreens with nanoparticles in them. There’s a lot of apps out
there but I have yet to see the killer app. The application that really takes it to the moon. I
think that for a while everybody was rolling out with nano this or a nano that and industry
would get excited and then would evaluate only to find that it didn’t do what they thought
it would do. We’ve seen some of that ourselves. We’ve been evaluated. As a platform
technology we’re evaluated at a lot of different contexts and a lot of those don’t work
immediately. If you have a commercialization partner who’s not willing to do multiple
rounds of tests and evaluations with multiple configurations of nanomaterials integrated
with both materials it’s probably not going to work the first time. It rarely does.
Fix the Economy. Not only does industry feel that its products need to be brought to
society to help improve lives, but it also believes that nanotechnology can help fix the United
States economy. The United States economy has been in a recession or decline since December
2007. In the first year of the recession, almost 1.5 million Americans lost their jobs (Isidore,
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2008). Since then, America has been working hard to determine how to get the economy back to
where it was before the start of the recession. Industry employees working in nanotechnology
believe they have the answer with nanotechnology.
As mentioned earlier, Rahul (industry) goes around to different nanotechnology
companies giving them support and encouragement to produce nanotechnology products. Rahul
says that he is willing to give these talks to other companies because even though they are
competition with each other, it is most important to come together as a country to support
nanotechnology and use the nanorevolution to their advantage to fix the American economy.
Industry experts also point out that the timing of the recession and the nanotechnology
movement could not be better timed. That is because difficult times often bring out the best ideas
in people. Industry also believes that entrepreneurs can actually take advantage of the recession
and create products that will last for a very long time. It also believes that the new nanoproducts
can help get us out of the recession that we are in right now.
Some industry workers also point out that having products be “made in America” used to
be the best type of product to have. Products that used to have the label “made in America” were
known for being premium products, made of good quality. However, there are very few products
that are actually made in America anymore. This is because America has started to outsource
much of its labor to other countries to save money. Since America is at the forefront of the
nanotechnology revolution, the United States industry believes that nanotechnology can bring
American products back at a low cost. These products can not only boost the American economy
through their sales, industry also believes that nanotechnology can bring manufacturing jobs
back to America and give America the jobs that it needs to get back on its feet.
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Other’s Perspective of Actor Role. There are three themes that center around other key
stakeholder’s perceptions of industry. These three themes include: 1) 100% responsible for
commercialization, 2) Secrets and Nontransparency, and 3) Most in Need for precautionary
principle. Although other actors believe that the industry is responsible for the commercialization
of nanotechnology, they are very skeptical of its motives. Other actors wish that industry was
less secretive and more transparent. Other actors would also like to see industry use more
precaution when it comes to nanoproducts.
100% Responsible for Commercialization. Confirming what the industry thinks of itself,
other actors also believe that the industry is wholly responsible for the commercialization of
products. However, the undertones are a little more negative from other’s perspective. After
scientists discover a novel phenomenon of nanotechnology, academics believe that it is up to
industry to determine the commercial application for the phenomenon. Charles (academia)
believes that because of all of these commercial possibilities, the industry is actually the largest
societal actor. Further, since industry is the largest actor, because of commercialization
opportunities, Charles believes that nano should be considered an “anti-science.” Charles
(academia) explains this when he says,
They recognize that the nanotechnology boom just kind of got up and running, and ran
very, very fast, and largely because there was perceptions that if you could exploit some
of the unusual properties of nano materials, there's a lot of money to be made.
Commercializing this stuff, and capitalizing it, and trying to get it to market in some
application just because there was trillions of dollars to potentially be made.
All three governmental informants believe that the government is not affected much by
industry. Rather, they believe that government is the largest stakeholder and that academia helps
them out. However, all three governmental informants believe that the industry takes the ideas
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that are developed between government and academia and then commercializes nanotechnology.
Franklin (government), says:
Also — being extremely reductionist in making this statement — industry is interested in
making money. Can we make more money with this? Or make money better without as
much investment. Physicians are more interested in “Can this help me keep that child
from dying, or that person from suffering. That they’re — if I can be so reductionist —
they have a different reason for doing it.
Tom (academia) supports this and says that the government is able to see the big picture for
nanotechnology and that industry only sees the small picture. That is, when government is able
to see what is best for society in the long run, the industry is only concerned about what can
make them money. Tom says,
Government takes the responsibility of generating the science that was used to mold—to
make a product. Government was really at the forefront on this and in my opinion
government did the right thing by supporting nanotechnology and they still support it
today, and the strength that’s selective because industry, they all think short-term. In
areas where nanotechnology would make a product that they can sell tomorrow, they
contributed heavily. If it is further down, they took a backseat and let the government and
academia work on it.
According to academics, the need for fast commercialization is the reason why the industry is
unreliable for research funding. Tom explains this when he says,
I don’t want to sound like I make a trivial statement here, but I would say, depending on
the area I’m working on, that I have a better chance getting support for it from the
government and not from industry because industry will look at it—when is it going to
become a profit?
NGO also believes that nanotechnology is developing very differently in industry than through
government. Vincent (NGO) explains that the government is answering much more complicated
questions with its nanotechnology research and that the industry is only looking to see what will
be profitable. Vincent says,
The [nano]technologies have, themselves, evolved in two main ways. One, is the societal
concerns that the government funds them to address. The other, business’ interest, tends
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to be more in applying the technologies that are out there sooner than later. The
application of the technologies by, if you will, low end businesses are for profit and much
simpler technologies than DARPA or the National Cancer Institutes are funding.
Not all actors believe that Industry’s intentions for commercialization are negative though. For
instance, Chrisron (academia) believes that that there will be a lot of positive improvements that
will be made to consumer products through nanotechnology. He also sees consumers being
happy with the overall more efficient and better products. Chrisron also hopes that the industry
focuses on commercializing energy efficient products. He thinks that consumers will also be
happy with the nanotechnology products that help them be more environmentally conscientious.
Chrisron (academia) says,
I think there’s a lot of room for industry to make more efficient products and make better
products. I really think that there’s a huge future in nanotechnology for making energy
efficient products.
Further, some academics express their excitement about potentially getting to enter the
nanotechnology industry in the future. That is, they believe that they would like to be a part of
the transition from science to society in the future. Buck is one of these academics. He explains
this when he says,
I didn’t seek out nanotechnology. I was trying to a PhD in chemistry but I didn’t really
have at that time like a specific direction. Once I realized all the possibilities, then
nanotechnology was the way that I wanted to go. … It’s been fun. The thing about
nanotechnology is all the hype. You always think that it’s going to be like the next big
thing. You are about to blow up. You can get the patent and start a company. There is
definitely always that thrill.
Secretive and Nontransparent. There are a lot of question marks and unknowns when it
comes to the science behind nanotechnology. Other actors seem most concerned about the
question marks that industry leaves about the commercial developments in nanotechnology.
Other actors believe that there are developments taking place in the industry without their
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awareness. Many actors are frustrated and feel that industry being too secretive and
nontransparent about what they are doing. For example, Sean (NGO) admits that he is most
concerned about the unknown developments taking place in the industry without anyone else’s
awareness. Sean says,
The industry doesn't understand there's part of it that’s not transparent. It's
[nanotechnology] gone from being the next big thing, to being it's a very big thing, to it's
happening and people don't want to talk about it very much.
Vincent (NGO) finds himself guessing about how industry plans on using nanotechnology to
their advantage. You can see it in his dialogue when he discusses the possibilities of
nanotechnology for a large company like Walmart. Vincent says,
I’d be interested to see if you could get an answer from Walmart or some other
companies, on what aspects of nanotechnology they’re employing. Companies have a
really long—they’re really trying ship stuff all the way from China without it spoiling
and arriving relatively fresh, have some incentive to be able to track their shipments and
to be able to monitor their shipments. Using nanotechnology as tracking and using it to
monitor quality would be what I would ask Walmart about. Maybe those are their plans
for now.
Rather than having to guess how industry plans on using nanotechnology, Vincent wishes that
the industry would disclose its plans to the public.
NGO also believe that industry is intentionally keeping nanotechnology behind the
scenes since not a lot is known about the safety of nanotechnology. They believe the reason that
industry doesn’t voluntarily label its nanoproducts as such is because nanotechnology is still in
the experimental phase. That is, industry would rather let nanotechnology experiments end
before consumers find out about nanoproducts and blow everything out of perspective. Malcolm
(NGO) expresses this when he says,
I feel like, yeah, industry and various branches of the government have expressed, in my
recollection, saying if we give too much information then people are going to be
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concerned because people are going to be overly concerned or miseducated. That’s been
a reason for an excuse for not putting the labeling out there.
Due to the lack of labeling, many actors believe that consumers have no knowledge of
nanotechnology and no knowledge of nanotechnology being used in products. Even if a
consumer has knowledge of nanotechnology, they get confused trying to figure out which
products actually have nanotechnology in them and which ones don’t. Even the informants I
talked to say that they have a hard time distinguishing what products on the market are made
using nanotechnology. Malcolm (NGO) admits himself that even he gets confused trying to
figure out which products have nanotechnology in them. He says,
Yeah. There is also a lot of kind of just marketing hype on the internet that sometimes is
linked to things that are actually out there but often times it’s more talking about things
coming out of a laboratory that we may see in the market at some point that aren’t
actually here yet. I think that gets confused a lot. I’ve seen myself get confused.
To fix this, Malcolm would like to see labeling requirements on nanotechnology products.
Most in Need for Precautionary Principle. In addition to being more transparent with its
motives, other key stakeholders wish that industry would take more precaution when it came to
developing and producing nanotechnology products. That is, they believe that the industry
should follow the precautionary principle. Environmental sciences termed the phrase
“precautionary principle” to explain the social responsibility that people have to protect the
public if there is any alleged risk of harm to consumers or the environment (Pollan, 2001). Under
the precautionary principle, people are encouraged to use great caution when dealing with
sciences whose long and/or short term impacts are unknown. Charles (academia) expresses his
concern for the lack of use of the precautionary principle when he says,
20 years from now there'll be all these weird environmental problems that will be traced
back to the release of all kinds of nanoparticles. I mean I think there'll be impacts on
human health as well as the environment. I mean who knows. Nobody knows. That's the
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problem, and this is why it violates the precautionary principle. We've just thrown
precaution to the wind because there's money to be made.
Since there are no definite answers to what the possible negative consequences nanoproducts
hold, it has left many actors guessing. Actors are very concerned with the possible negative
consequences of all different types of nanoproducts. One can especially see concern in some
actor’s dialogue of nanosilver, which is one of the most common nanomaterials used in products
right now. For instance, Charles (academia) says,
Like silver nanoparticles. Silver nanoparticles is antibacterial and you can put them in
your socks and your feet don't smell. That's awesome, and right away who doesn't want
to have un-stinky socks? [sarcasm] Right? Your socks are now full of silver
nanoparticles, as well as your pants, and other clothes, and stuff. They are because they're
antibacterial. If something attaches to it to try and decompose it, it gets killed because
they—and the thing is there is some literature out there that there's been some
experimentation done that actually they don't stay in your socks anyway, and when you
wash them they wash out of your socks. The nanoparticles don't stay in your socks. They
wash out after several cycles. Where do they go then? They go to the wastewater
treatment plant and kill all the bacteria there which are needed to decompose wastewater
wastes, right? Then they escape into the environment and beyond. They don't disappear
like that matter doesn't go away. It's around. It's all out there somewhere, and we don't
know what any of it does. That's where I come down is this is a really bad idea.
Vincent (NGO) also expresses his concern for nanosilver when he says,
Do we need every bit of lettuce sprayed with nanosilver to kill what shouldn’t be on the
lettuce in the first place? Nano-pesticides are the biggest use for nano anti-microbials. Do
we need to use antibiotics everywhere or do we have a system that’s broken and do we
need to fix that system rather than to spray nanosilver or nano titanium dioxide
everywhere? …Even medical devices probably need to have clearer standards than what
we’ve got. They [the medical field] kind of already contain a lot of nanosilver products.
If one of the medical chief manufacturers says, “No. No. I don’t just want medical sheets.
I want these [nanosilver sheets] on every hospital bed in the country.” Okay. The notion
that every bed in the country …would be infused with nanocopper or nanosilver is
literally overkill of bacteria. We have so many problems with of overuse of antibiotics we
don’t need them every part of our lives.
Rather than have these potential negative consequences come true, some actors are urging
industry to not make products that aren’t necessary. They would like the precautionary principle
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followed. For instance NGO have asked for a halt of the making of all products with
nanotechnology until the technology has been proven safe. They don’t necessarily want to stop
the progression of nanotechnology; they just want to stop industry from producing products that
are showing up in the marketplace.
To further explain the need to follow the precautionary principle in industry, many other
actors refer to previous examples of products (e.g., lead paint, asbestos) that were introduced to
society and sold on the marketplace that eventually ended up hurting people or the environment.
Charles uses the example of DDT to explain why he wants the precautionary principle in place
for nanotechnology. Charles (academia) says,
Then there's a long history of doing it anyway that we see it goes all the way back, really
you could probably trace that heritage back to Rachel Carson and when she wrote Silent
Spring in 1962, and just documented what the environmental impacts of DDT had been
in the environment. DDT was developed as an insecticide and used very successfully
throughout World War II and through the 1950s. It's still used in some parts of the world
as an insecticide, but the widespread application of that began to manifest as some pretty
extreme environmental damage by the late '50s and early '60s. Then Rachel Carson wrote
Silent Spring and drew attention to this. That kind of really launched the environmental
movement in the '60s, right, and associated lots of other things. My perspective on
nanotechnologies are that this is all fun and interesting, but you have no idea what these
things.
Academia (i.e., Development
Self Perspective of Actor Role. There are three main themes that Academicians use to
describe themselves within the field of nanotechnology. The three themes include: 1) Progressors
of Science, 2) Importance of Studying Pros & Cons, and 3) Heart of Information. Overall,
academia is concerned about progressing science through nanotechnology and to study
nanotechnology from every perspective. Academia’s goal is to be at the heart of information and
discover and to report this information to the other key stakeholders.
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Progressors of Science. Academia understands the importance of materials in history.
They explain that every era of history has actually been named after a material: stone, cooper,
iron and steel and silicon ages. However, these materials were created with a two-dimensional
periodic table that scientists have practically exhausted. Academics explain that nanotechnology
actually adds a new axis to the traditional periodic table so that scientist can have a new degree
of freedom to modify and advance science with. Therefore, academia sees the new age being the
nano age. Where other materials have advanced an age, nanotechnology will now advance the
age we are living in now.
Further, in academia’s eyes, nanotechnology is just a natural progression of science. That
is, the level of size which scientists study matter has been just getting smaller and smaller over
time. Therefore, the use of different and more advanced materials is a natural progression, but so
is the need to study matter at a smaller and smaller level. Tom (academia) explains this when he
says,
There’s always a trend to make things smaller. Because, every time you make things
smaller, they become faster, more efficient, and you can still do much lower price.
There’s always a trend to push things smaller. That’s why nano became inevitable after
the micro and agents who had the microelectronics and then nanotechnology becomes the
natural evolution from this. Because of that, the work starts by making transistors
smaller. They reach a minimal size and then other structures will become more efficient.
Because of this natural evolution, academicians do not see nanotechnology as being a short-term
trend. Rather, they see nanotechnology and nanotechnology implications being around for a
long time. John (academia) explains this when he says,
That is the frontier—both the expanding frontier from the microscopic—from the
nanoscopic too… that is where some of the most—I guess—revolutionary ideas need to
come from—how you build the world that we operate in or that we experience from
things that seem so strange at the quantum level and all of that kind of stuff. I think it is
going to continue for a long time.
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Since nanotechnology is considered the new frontier for science, there is a lot of
excitement for academics studying nanotechnology. All of the informants in academia were very
excited and proud to talk about their research. Although all of their research was in the field of
nanotechnology, the informants research was still very diverse. Some informants discussed
research that tested the effect of drugs on the nanolevel. They have found that you cannot get
high from methamphetaminenes and marijuana on the nanolevel and there are no after effects.
However, you can test positive for nanodrugs up to six months. Other informants discussed how
beans grow differently once they are started as sprouts on the nanoscale. They are also attaching
radioactive material to the bean and watching it develop and grow from one atom cell to
something more. Several electrical engineering scientists discussed how they were working on
developing nanowires as well as other small devises and sensors to help progress electronics.
Other research wasn’t quite as easy to understand as an outsider. For instance, Buck is
creating organic solar cells by using a nanoparticle called C60. He says that C60 is similar in
shape to a soccer ball, and he attaches a Palomar to it to see how it affects the solar cell. John
uses lasers to study the properties of nanomolecules. He shines lasers on particles in a solution
state (so they are floating in liquid) so you can observe the scattered light’s signatures from
which different properties can be determined. No matter how easy or difficult the informant’s
research was to explain, every academic was very animated and excited talking about their
personal research. The excitement in their voices and in their facial expressions were easy to
detect.
Chrisron (academia) recalled his excitement from when he first learned about
nanotechnology when he was an undergraduate student.
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The first time I heard of it as a field of study was when in a sophomore or junior level
physics class where we learned about a bunch of different technologies, places where
physics is used, applications of physics and sort of more exotic physics research that you
wouldn’t hear about in typical courses. One of the things we read was the Richard
Feynman’s “There’s Plenty of Room at the Bottom.” It sort of gave birth to modern
nanotechnology. He talks about something about angels dancing on a pin head and he had
this idea of how much could you write on a pin head, basically. How much information
can you encode on a pin head? It’s actually a lot. We also talked about nano machines
that could go into the bloodstream at first—I guess I had this picture of nanotechnology
being like little robots that could swim around the bloodstream.
Chrisron later explained how this class made him really want to pursue an advanced degree
where he could study nanotechnology. Once in grad school he also was able to grasp a much
more realistic understanding of nanotechnology, which was still really exciting. He explained his
excitement when he finally understood the use of nanomachines injected into the blood stream.
Chrisron says,
Then when I got to grad school I gave a talk one time on cancer treatment where these
gold nano cells are treated with a coating and then they’re injected into the bloodstream
and the coating makes them stick onto tumors. The nano cells have been designed so that
they will reflect light at infrared frequencies that can penetrate the skin so you can image
the nano cell. You can image where the nano cell is stuck, which is the tumor, but then it
will absorb another frequency of laser light so it will heat up the cell so you can both
image and treat the cancer cell with one nano cell and two lasers. That was awesome.
Graduate students Nikki and Madelyn seem to have the same excitement as graduate
student Chrisron. Both students are very proud to be working in the field of nanotechnology.
Nikki in particular is also very proud to be working with one of the leading professors in the field
(informant Cameron). Nikki frequently referred to the professor she worked with as the “kingpin” in the development of the nanotechnology building on her campus with a huge smile on her
face. At one point when talking to Madelyn, I asked her if she knew anything about potential
negative consequences of nanotechnology. She said that there is always a chance that there could
be unknown consequences and that the unknown makes her scared sometimes. However, she
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said that it is still totally worth it to be able to conduct research in nanotechnology because it is
so exciting and thrilling to her. Specifically, Madelyn (academia) says,
We are all going to die eventually. If I am going to die from nanoparticles, at least I will
have died getting to conduct my experiments. I really love my research.
Importance of Studying Pros & Cons. Academia genuinely feels that studying all
aspects of nanotechnology is important. As seen in the aforementioned quote from Madelyn,
academics seem to understand that there is a potential for nanotechnology to have negative
consequences. Therefore, academic feels that is very important to study both the positive and
negatives aspects of nanotechnology. Although most the informants I interviewed were studying
positive applications of nanotechnology, they all were quick to admit the importance of studying
the potential negative consequences of nanotechnology as well. Buck (academia) says,
That is a big concern, right? A lot of people are producing new products that nobody
knows like how toxic they are. It’s pretty necessary to know if it’s safe or not.
Similar to Buck, Donald (academia) studies positive applications for nanotechnology in
the field of optics and photonics. However also, he admits that he has concerns about
nanotechnology. Specifically he is concerned about not knowing what happens to nanoparticles
when they need to be disposed. Although he is not studying the safety of nanoparticles, he does
have some colleagues who are studying cytotoxity – which is the impact of nanoparticles on the
human body. He is sad that they are studying the impact of cytotoxity in laboratory studies that
are ideal conditions rather than realistic conditions though. Donald says that he does not know
any laboratory scientists who are against studying nanotechnology. However, he agrees that
some scientists are more positive toward nanotechnology than others. That is, some scientists are
going to study the positive implications for nanotechnology and others will study the potential
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negative impact. Donald sees this as a good thing though because it is important to study all
different aspects of nanotechnology. Donald (academia) says,
I think people need to study its pros and cons. Obviously we can always campaign for
nanotechnology and nanoparticles, but then at the end of the day, if we are a user and it’s
going to harm us, we need to be careful about that. It’s not necessarily true, but in
general, yes – people working in nanotechnology are pro. They will look only to the
positive side, but there are some scientists, they want to study its impact on society and
the human body, so obviously they find some studies showing negative results. They go
against, and that, I think, is a good thing. Then if somebody shows it has a negative
impact, then obviously people who are campaigning for this kind of technology, they
have to overcome their opposition, so they have to show it is not true.
John (academia) also acknowledges that for how much he knows about nanotechnology,
there is also a lot that he doesn’t know. For instance, he is unsure as to what happens if someone
was to ingest or absorb nanoparticles into themselves. Therefore, John believes that it is
important to see at what level nanoparticles may become toxic. John also believes that it has to
be the right field to study nanoparticles. Since John is in physics, he didn’t feel that he is the
right person to study nanosafety; he thinks that it may be up to the biologists, food scientists or
other scientists who study humans more to look at the safety and the effect of nanoparticles on
the human body. John also mentions that he has noticed an increase in the amount of research
being done on the safety of nanotechnology. He has noticed that a lot more people are paying
attention to the safety aspects and potential harm of nanotechnology. He has also noticed that a
lot of conferences are now adding a track for nanosafety. There have also been several
toxicology groups that have formed that he is now aware of. John (academia) says,
There was a lot of discussion about safety [at an optics conference]—how the
nanoparticles affect. They were talking about how the nanoparticles—how the body—
what happens to them if you ingest them—not just ingest them, but some of them can
actually be absorbed, and people are working with these, but we really don't fully
understand. I mean—some of things are already happening. If had a farmer, for example,
working in the fields, there are nanoparticles in the dust, and that obviously comes into
contact, but I think effects of that kind of nanoparticles would have been known because
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we have—I mean—the humans have been exposed forever. There were papers there they
were talking about—like some of these particles—they accumulate preferentially at
different parts of the body, so how does that—what level is safe and at what stage it
becomes toxic and all of that kind of stuff. I think people are more aware of that—the
need to study those—than they were when these things initially started. It seems that
people are paying more attention to it. Obviously, how they can be used—these
nanoparticles can be used for the drugs to be more effective, because if certain particles
are preferentially absorbed at certain locations, obviously, can you find particles that will
be preferentially absorbed by maybe cancer cells or a specific organ inside the body, and
so drug delivery would be more effective and all of that kind of stuff. At the same time,
the others—I mean—while they can be useful, they can also be harmful. But it is
important that both should be paid attention to.
Damien is a professor in molecular toxicology and environmental medicine and studies
how airborne particles affect and potentially compromise cardiorespiratory systems. Damien
feels that nanotoxicology is important to study since it involves the safety assessment of
engineered nanomaterials. It also includes the search for more efficient testing strategies.
Further, Damien believes that it is important to perform appropriately designed studies with
nanomaterials in order to perform scientific sound risk assessments. His studies have shown that
nanoparticles have been the cause for many of the problems in cardiorespiratory health,
especially in the elderly. Further, his studies have shown that small nanoparticles can cause
induced inflammatory lung injuries. Specifically, after comparing bulk sized titanium dioxide to
nanotitanium dioxide, it has been shown that nanotitanium dioxide causes a decrease in lung
clearance and greater inflammation in lungs. Regardless of the negative findings of Damien’s
research, he believes that the future for nanotechnology can still be bright and promising. He
believes that other researchers should continue to study the potential positive applications for
nanotechnology. He just sees there being challenges in the future in terms of establishing
efficient testing strategies. He also thinks that in order for nanotechnology to have long-term
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success, there needs to be standards and guidelines for how much exposure one should have with
nano materials that are proven to be hazardous.
Although Damien is still optimistic about nanosafety, there are also a few individuals in
academia that are more hesitant and believe that the negatives should be studied more at first.
That is, that the positive research should come to a halt until the potential negative aspects of
nanotechnology are determined. Charles (academia) is one of these individuals. Charles believes
that there is enough unknown about nanotechnology that there is a strong possibility that
everyone who works in the nanotechnology center on campus is going to eventually die of weird
health complications. Therefore, he refuses to step foot into the building. He is frustrated that
nanoparticles probably seep out of the building and affect the rest of us as well. Therefore,
Charles would like the nanotechnology building to have containment and detection system since
the effect of chronic exposure to nanoparticles is unknown. Charles (academia) says,
I always accuse him [informant Cameron] - like that building over here, everybody who
works in that building is going to die, because we—there's no containment systems.
There's no detection systems and nobody knows what the effect of chronic exposure to
nanoparticles is. This world, I mean it's already polluted with nanoparticles. We don't
know. We can't detect them in the environment. We don't have threshold levels of what's
toxic, what's not toxic. I mean they're already out. They're already all over this campus.
I'm sure every time I walk by that building I'm breathing in some. I've refused to go in the
building. I mean everybody on campus knows that I refuse to go in the building. I mean I
told people outright and said, "You ever have a meeting over there, I'm phoning in. I'm
not going to go in the building." I mean they know that's my position that I will not go in
there.
Heart of Information. Academia knows that they are the progressors of nanotechnology
and therefore at the heart of information. Academia feels that it is its responsibility to
disseminate its information to the other key stakeholders (especially government and industry) as
well as to future academics.
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Perhaps the most important stakeholder academia feels the need to share its information
with is government; this is because academics are very reliant on the funding that they receive
from the government. It is very obvious throughout the informant interviews that the academics
are very cautious of what would make the government happy. For instance, Buck explains his
relief when he found out that the main professor he was going to work for got a large start-up
grant right before Buck started working with him. Therefore, Buck was able to select a topic that
fell under the goals of the grant so he would be funded for his research as well. Not only was
Buck able to secure funding for his research in the doctoral program, but he was able to satisfy
governmental goals.
John realized that he was conducting research he was really passionate about at the
nanolevel, but he wasn’t calling it “nanotechnology.” He realized that by calling it
“nanotechnology” he satisfied government goals and he received a lot more money for the
research that he was excited about. John (academia) says,
It turned out that there were things that I was interested in that actually started my
independent research career, but they did not go anywhere, because there was no funding.
That is what got me started into using lasers to study biomolecules and nanoparticles. To
my surprise—I mean—I had not paid attention to it since—like I said—my initial interest
in the early 1980's. To my surprise, I found that a tremendous amount of work has been
done—that people have been calling it nano, but a lot of that was nano scale particles.
This excerpt also shows that sometimes having the right wording helps with getting funding from
the government.
Academicians also understand that they should disseminate information to industry. By
transferring the information academicians have, Chrisron sees there being a lot of potential to
make more efficient and better products for society from the research discovered by
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academicians. For instance, Chrisron explains how a discovery in the laboratory can help
industry produce more energy efficient products. Chrisron (academia) says,
I’m really excited about energy efficient products. That’s to me maybe the most
promising, the biggest impact thing that could happen. I just read one thing where
people—a guy is using nanotechnology to absorb all the different bits of the spectrum of
the sun. I actually had that thought for a while because I knew that you could build nano
cells to absorb different bits of light. It’s just a matter of turning that absorption into
something useful or turning that reflective capability into something useful. It’s like
getting the most out of sunlight. And now they are developing them into products. That’s
something I really think consumers if we had enough people saying I want this—I just
want to put something on my roof and not have to pay—I want to get rid of these power
lines in front that are ruining the view and like making us put in a bunch of coal.
Even Charles, who prides himself on being extremely against nanotechnology, thinks that there
could be positive implications for nanotechnology. For example, Charles discusses how carbon
nanotubes that were developed in academia can be used positively in industry. Charles
(academia) says,
I know there's work on using nanocarbon, particularly nanocarbon, carbon nanotubes to
like clean up oil spills and things like that because they're highly absorbent.
Academia also disseminates its information to students and future scientists through the
facilities and opportunities that come from being on a college campus. The academicians I
interviewed came from four different universities: two universities in the South, one university in
the Southwest and one university in the Northeast. Each University had a center or institute for
nanotechnology building on campus. I was able to get a guided personalized tour of one of the
buildings (which I am referring to as Nano Building 1) by informant Drew. Drew explained that
some of the many departments that use Nano Building 1 are biology, physics, chemistry,
mechanical engineering, chemical engineering, agriculture engineering and food science. Most
everyone who uses the building either has their PhD or is working on a graduate level degree.
Drew explained that the building has attracted attention from some of the best faculty members
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and scientists in the world. The facilities in Nano Building 1 have also helped with recruiting
strong candidates for graduate programs. People from all over the world and in all different
sectors of industry and government come to Nano Building 1 to learn about nanotechnology.
Information is also disseminated through University courses in nanotechnology. It
appears that most Universities do not offer undergraduate level courses in nanotechnology. Tom
(academia) who is a department chair explained their use of nanotechnology with undergraduate
students. He says,
We do not offer full courses in nanotechnology for undergraduate students because they
need to know how to walk before they can run. Once they take the second sit in a course,
then they hear the word nano. Of course, the instructor must have to tell them all we may
make the device this way, but we can use nano to make it another way, and [by using
nano] this device will perform differently.
Therefore, even if they do not get to take a full course in nanotechnology, most undergrads are
still exposed to the idea of nanotechnology. There are many nanotechnology classes offered at
the graduate level though in all different fields. There are also many scholastic textbooks that are
now dedicated to the study of nanotechnology.
Other’s Perspective of Actor Role. More than other stakeholder roles, other actors tend
to see academia’s role the same way that academia views its role. That is, the main themes that
emerged from other actors describing academia were the same that emerged from academia’s
discussions. The three themes include: 1) Progressors of Science, 2) Importance of Studying Pros
& Cons, and 3) Heart of Information. It is safe to say that academia’s intentions are rather
straightforward and transparent. Other actors did not discuss academia much; however, it was
not because they did not consider academia important. Rather, it appeared to be more because
other actor’s viewed academia’s roles as obvious and clear-cut.
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Progressors of Science. Nanotechnology is considered the new frontier for science and it
is obvious to all other actors that academia is the stakeholder at the core of the knowledge
progressing the science of nanotechnology forward. That is, industry, government and NGO all
believe that academia is the reason nanotechnology research is progressing at the fast rate that it
is. There is a lot of excitement in academia surrounding the ability to advance science and the
other stakeholders have taken note.
Lou (industry) believes that at the heart of nanotechnology is academic research. He
believes that they are the true progressors of the science; he knows that without academic
research, there wouldn’t be new advancements nanotechnology. Lou believes this is because
academia sees the larger picture and industry just focuses on production. Further, industry
usually does not provide funding to academic research. Industry needs to see quick results and
products and academic research often takes time and often never leads to an industrial
breakthrough. Lou (industry) says,
I would take it back to at its [nanotechnology’s] root and I think it starts with academic
research. However industry will typically not invest in academic research. They are
looking for applied, especially in the past few years where there wasn’t a great deal of
funding available for anything that wasn’t going to have a product come out of it in the
near future.
Government also sees the most important actor outside of government being academia.
They believe that the United States government would not be at the forefront of the
nanotechnology movement if it wasn’t for the academia and the scientists pushing advancements
in nanotechnology research. Franklin explains that it is because of academia that nanotechnology
and nanomedicine is progressing so fast. He believes that it is from this research that we will
continue to see big breakthroughs in all different aspects of life including medicine. He believes
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that the field of nanomedicine may have some of the most exciting scientific breakthroughs.
Franklin (government) says,
Definitely you have academia. They are really movers and shakers in this business.
You’ve got doctors at medical schools. These physicians are frustrated that they can’t
cure every cancer. If they can get a compound, that’s nano-based, that can give them an
edge, and they can cure one, two, five, ten more people a year than they normally can,
then to them that is a reason to do it. So medicine, and its inability to diagnose, treat, or
prevent all diseases is looking to nanomaterials as maybe a new edge.
NGO also see academia as the biggest progressors of nanotechnology. Although NGO
are the most hesitant about the acceleration of nanotechnology in the marketplace, they support
the progress of the scientific discovery aspect of nanotechnology. Sean (NGO) says,
With any new technology there's always kind of a trajectory of activities or maybe a bell
curve over time. It starts off academia getting into something.
Importance of Studying Pros & Cons. Other stakeholders see academia as a stakeholder
who studies all different aspects of nanotechnology equally. Other actors also believe that
academia understands the importance of studying both the positive aspects and negative aspects
of nanotechnology. They also see academia as being unbiased researchers and therefore, fully
capable of studying the positives and negatives of nanotechnology.
Government officials who are working on safety classification systems for nanomaterials
benefit from the academic research that focused on nanotoxicology. They believe that the
government’s research helps academics move forward and academic’s research on
nanotoxicology helps them move forward. George (government) says,
Certainly the scientific community fits in that it moves the state of the art in this area
[nanotoxicology] forward. They also benefit from some of the techniques I develop,
some of the results I collect. It moves the state of the art forward.
This insight also shows how much overlap that the academia and government have in studying
the safety of nanotechnology.
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NGO believe that it is academia’s responsibility to study both the positive and negatives
of nanotechnology. NGO especially appreciate the research that academia is doing on the
potential negative consequences on nanotechnology. For instance, Malcolm understands that
academics often have to study the topics that they can receive grant money from – which
normally looks at the positive applications of nanotechnology. However, he is impressed with
the amount of Universities who are starting to specialize in researching the safety or the potential
negative consequences of nanotechnology. Malcolm (NGO) says,
I don’t know if you’ve read [informant Damien’s] work. He’s probably the leading
scientist on that [nanosafety and nanotoxicology]. They’ve produced a lot of literature
that’s definitely educated our position on the issue. I also think Rice University—I’m not
sure exactly right now where they’re at—but they have been for a long time—they have a
program on line as well. It’s called ICON. I-C-O-N, and you can find probably most of
the science on risks ever put together all in that program. I think you can Google ICON
and Rice University. You’ll see—that’s a huge issue. It’s not really sexy to look at the
problems.
Malcolm explains that academic research has even helped form NGO stance on nanotechnology.
The aforementioned quote also shows that even though negative consequences may not be as
“sexy” to study, he seems to really appreciate the research.
Heart of Information. Academia knows that it is responsible for the progress made
within the science of nanotechnology. Therefore, they also know that they possess of most
scientific information. Other key stakeholders agree with this statement. That is, other actors
believe that academia is the heart of scientific nanotechnology information. The other actors also
know that they are reliant on academia disseminating the core information to them. Other actors
are also appreciative of academia training students and future scientists about nanotechnology, so
the field of nanotechnology will be fruitful for years to come.
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Lou (industry) explains that his company and the rest of industry are very reliant on the
information that comes out of academia. He also acknowledges that the next step is for academia
getting funding from the government. At first, in the early stages of research, industry isn’t too
interested in academic research, because the research at first is not applied enough for industry.
However, once someone from academia discovers an application for industry they are eager to
learn more. He also says that there is normally only funding for research where the result is a
product in the near future, which most often rules out all basic academic research. Lou says,
I think nanotechnology starts with academia. Then, some type of agency funding whether
that’s DLE or NSF or NIH. That’s where the funding for that type of early work starts
and once there is some glimpse or indication of an application, that’s when you can begin
the industries’ engagement and attention and following that—that’s going to still be early
engineering, and following that it’s going to be, depending on the type of application, it’s
probably going to be process engineers will get involved. All along you’re relying on
people with these nano companies through this process, and I’m thinking about this into
my own limbs. We started in academia and we rolled out of there and with what we
thought was a great application for industry.
Sunny (industry) also believes that academia is the most prominent source of information. He
thinks it is because of academia’s ability to transfer its knowledge to industry. Sunny also
discussed the many actors who make the transition from academia to industry. Sunny says that
the transition even relates to him. He says,
The main actor who is coming to my mind right now is the academia because I just
graduated from there and I’m working in the same field. I would say, professors at the
university play big a role [in information dissemination].
Pete (industry) says that he is thankful that some universities have incubator programs to
help academics transition ideas into industry. For instance, after graduating with his PhD with
some strong breakthrough research ideas that could be applied to industry, the University that
Pete was at, helped him pursue commercialization by enrolling him in the technology incubator
program. The incubator program helped Pete transition his ideas and information from academia
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to industry though discounted office space and access to million dollar pieces of equipment at a
huge discount. Pete (industry) says,
Access to this space at good rates and we still utilize facilities that are here on campus on
kind of a—instead of having to buy a million dollar piece of equipment, we can pay to
access a million dollar piece of equipment.
Franklin (government) also notices how academia’s knowledge transfers into industry. He says
that academia does research with industry in the back of their mind sometimes. They
acknowledge that their breakthroughs may be able to benefit industry sometimes. Franklin
(government) says,
You’ve got Materials Scientists who are using nanomaterials to make new types of
materials. And they make them because they have an idea of what they could do if they
make it a certain way. So they do have industry in mind, but they’re not part of big
industry. Their idea will probably be bought by an industry and make a bunch of money
and the University will note that, and then they’ll make more stuff.
NGO (i.e., Informant)
Self Perspective of Actor Role. The NGO have three overarching themes to describe
themselves. The three themes include: 1) Facilitating for Society, 2) Firm Stance on Safety, and
3) Information Disseminators. NGO were originally established to operate independently from
government and are considered not-for profit organizations. Because of their less active role in
the actual formation of the nanotechnology network, they consider themselves an
underrepresented yet, more objective representative for society, who is able to help spark
regulation, and take a firm stance on safety. Also, since their role in the formation of
nanotechnology is a little less direct than the government, industry and academics, their story
tends to be a little more straightforward and to-the-point.
Facilitating for Society. The main thing that NGO want to be known for is facilitating
the process of market formation for nanotechnology. NGO do not want to be known as being
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obnoxious or as getting in the way of nanotechnology progress. Rather, they want all different
actors to be comfortable communicating with them, so they can’ help facilitate the market
formation. Sean (NGO) representative explains that it can be an uphill battle sometimes, but the
role of facilitator is achievable. Sean says,
We're automatically assumed to be unimportant and charitable, and interrupting what is
good science and good progress. The interaction at first is never pleasant or helpful.
Maybe sometimes we have helpful ideas, but definitely not pleasant ones. We deal a lot
with industry and a lot with governments. They hate dealing with us at first and as time
goes on we develop a sort of nice working relationship. They will now all talk to each
other.
NGO also believe that it is important to consider the difference between advancements and
technological advancements. NGO representatives question whether these two things are always
connected. That is, what is best for society may not always be through the advancement of a
technology. For instance, Malcolm (NGO) says,
I think money is useful. I buy and live through my pay and I value that, but at the same
time I think we need to consider as a society, the direction we’re heading in. It may be
that we could see less and less of the result of science and technology be really useful to
people if it’s not connected to people and the safety of people and what is best for the
public in terms of technology. There’s a real disconnect there. It’s led to a lot of
misunderstandings, to a lot of disputes and arguments.
Knowing this, NGO want to be a facilitator in best determining what is best for society. NGO
have thoroughly researched all of the societal actors in the market formation of nanotechnology
and truly see themselves empathizing with all of the different stances on nanotechnology. NGO
would like to be a facilitator among societal actors; that is, someone who helps the different
actors communicate with each other. The goal as a facilitator would be to make sure that all of
the actors are making decisions in the best interest of society. Malcolm (NGO) says,
I think our organization is approaching the role of kind of facilitator to say, “Hey, we still
need to do something here.” While we may not need to point fingers anymore, we do
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need to rapidly start to do some things different because this [the advancement of
nanotechnology] may not show us the best result for all the investments.
Additionally, NGO do not want to be known for being anti-nanotechnology, because they
are not against nanotechnology. In fact, most NGO feel that nanotechnology has the potential to
positively impact society. However, they feel that nanotechnology must be limited until the longterm benefits are proven to outweigh any risk. Further, NGO genuinely hope that
nanotechnology is able to show us the potential of human knowledge and power. For instance,
Malcolm (NGO) hopes that nanotechnology becomes a tool that brings people together and
shows humanity’s achievement horizon. Malcolm (NGO) explains this best when he says,
I hope [nanotechnology is] just another way for us to see our potential and our power in a
real way, not just in either making money or making gadgets, but really showing us how
deeply we can look into science and see phenomena that are mind blowing in a sense. If
you think of nanotechnology’s root it’s in quantum physics. A space where you can have
one particle in two places at once and things interact in ways that we never thought were
possible. That element of this area really excites me because it shows me that those
feelings I had as a kid where everything’s not always as it looks. The universe is very
mysterious and there’s so much potential. Those things I think will enrich our societies
and our interactions will make individuals feel more powerful collectively to explore and
imagine the world and go out there and do amazing things that really bring us together
and just add more joy and health to what we do here. That’s kind of where I hope we’re
going.
This quote also shows that NGO seem to understand the fundamentals behind Foucault’s
discourse on power well. That is, NGO seem to understand that it is important to look at the flow
of power among societal actors, to best understand how determine the success and underlying
meaning of cultural discourses (Kendall and Wickham, 1998). The rest of Malcolm’s quote
(below) shows how NGO also seem to understand the Actor Network Theory process of
translation. Translation is a four stage model that begins with problematization, moves to
interessement, then enrollment and ends with mobilization (Callon, 1986; Latour, 1988).

103

Mobilization, the final stage, is when all of the societal actors are all working together for a
unified goal. Malcolm (NGO) says,
I think it is going to take all the stakeholders to work together to get that because right
now the intentions aren’t very clear. I think there’s some deceit involved. There’s always
those who don’t want people to engage into power, to become powerful and creative for
whatever reason, you know money or other reasons. I don’t want to see this technology
become just another industrial tool that produces semi-interesting things. I think it has a
lot larger potential but we have to choose. It’s not about pointing fingers just to industry
saying—because that in a sense if I just say it’s industry’s fault and it’s their problem,
I’m putting all the power in their hands and that’s the way it remains.
NGO would ideally like every societal actor to be transparent with their intentions and
communicative with society about their process in the field of nanotechnology, but knows this is
not always the case. Therefore, NGO try to always be at the forefront of facilitating what is
happening in the nanotechnology actor network to all of society. Malcolm (NGO) says,
When I engage the public I want them to not just be afraid or concerned, but also be
excited and interested and want to participate and say, hey this is what we want from this
technology. Really bringing people together, I think, is the focus of our work so that we
can maximize our potential.
Firm Stance on Safety. Since NGO aren’t directly involved in the funding, research or
development of nanotechnology, they believe that they are more objective and therefore are able
to see nanotechnology for what it is: a question mark. To NGO, nanotechnology is a question
mark worth exploring. Admittedly, NGO agree that not all of nanotechnology is a question
mark, but that most of nanotechnology is. Further, since they are not directly involved in the
development, NGO are willing to be on the front line fighting for safety testing to protect
consumers against any negative consequences that nanotechnology may hold.
Many NGO representatives feel that after being in meetings with all the different society
actors, more questions are often brought up than answers. Malcolm NGO says,
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If you go to a meeting with regulators, with scientists, talking about risk in nano materials
you’ll soon learn the many question marks. That’s just about how that uncertainty is sold.
It’s either sold as possibility or is it of lack of education on the issue. Having done, for
example, put products on the market before having that information.
As the end of the quotation suggests, because of all the questions that come with
nanotechnology, NGO feel the need to not have products on the market until nanotechnology is
no longer a question mark. They also feel the need to be the actor who is willing to put a firm
stance on promoting the safety for nanotechnology.
At first, other actors were really skeptical of NGO firm stance on safety testing for
nanotechnology. However, NGO believe other actors have warmed up to their strong stance on
nanosafety testing. That is because very few people thought that nanoparticles could be
dangerous when nanotechnology was first introduced, but now most people agree that it is
important to consider the safety. Sean (NGO) explains that the process of getting other actors to
understand the importance of safety was frustrating. Sean (NGO) says,
Like in 2002 or 2001 we said that nano safety wasn't going on and it had to be before
there was any new developments the technology, even in the lab. It had to be safety tested
so you can set up standards to make sure it was done safely. At the time that we said that
nanoparticles were potentially dangerous, no one agreed with us and everyone thought
we were wrong. Now, I don't think you'd find anyone in the scientific community that
would say that, nanotechnology safety isn’t necessary. It is simply ridiculous and absurd
that we were able to say that in 2001 and everyone thought it was horrible to say it, but
now everyone finally agrees and we are way behind on the testing process.
Because of the other actors’ unwillingness to safety test nanotechnology in the beginning, NGO
believe that safety tests are developing very slowly compared to the technology itself. Further,
NGO are frustrated that very little money went into safety testing nanoproducts at first. Vincent
(NGO) explains this when he says,
I would say the—unfortunately the regulation of nanotechnologies, and I say that in the
pleural, has evolved rather slowly. The Obama administration and the Bush
administration alike have primarily funded the development of technologies without
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paying any serious attention to the regulation or even the measurement of the
technologies.
Since the small amount of nanosafety testing that has been conducted on nanotechnology has not
been conclusive, and because results haven’t always been positive, NGO are calling for a
temporary suspension of all nanoproducts going into the marketplace. The goal is not to freeze
progression of nanotechnology as a science, but to just put hold on all product production. The
goal of the moratorium is to protect society until there have been more safety studies on
nanotechnology. Malcolm (NGO) says,
We’re calling on a moratorium on all of the products on the market. That’s not the
science. A moratorium is temporal so that can be for a certain amount of time until we get
enough safety studies to really be confident, or at least semi-confident, in saying that this
stuff is going to be okay for either ingestion into the body or whatever consumption we
go by, and we’re not in that place right now.
In addition to testing all future products that go onto the marketplace, NGO would like to see
safety testing conducted on the nanoproducts that are already being used in society. They say it is
important to take a step back and check what possible health and environmental problems can
come from the products already on the market. Vincent (NGO) gives an example of how he is
happy that the government finally went back and conducted safety testing on a nanocopper
coating that has been used to treat lumber for a while now. Vincent (NGO) says,
I’m really glad that the Consumer Product Safety Commission, only a couple of years
after we pestered them about this, starts working with the EPA to look at lower their
possible health and environmental problems from all of the nanocopper that’s been used
to treat lumber. We’re infusing this lumber with a new chemical so it doesn’t rot as fast.
In this case, we need to understand how consumers should handle that lumber. The irony
of it is nanocopper probably is a better product than what it replaces, which is arsenic.
We still need to know how to handle that lumber and we still need to know whether we
can burn it or not and other questions.
NGO would like to have this strict stance on safety so that history doesn’t repeat itself. History
has repetitively shown products that have been introduced to society with good intentions that
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eventually ended up hurting people or the environment. Some products that have been used
widespread before any negative effects were known include: lead paint, DDT
(dichlorodiphenyltrichloroethane), and asbestos. Specifically, when lead paint first came out, all
consumers loved to paint with it because of its economic benefit. That is because lead paint
worked a lot better than its predecessors. However, it turned out that even tiny amounts of lead
paint can severely affect mental and physical development in children. NGO want to make sure
that nanotechnology doesn’t end up like lead paint. Vincent (NGO) explains this by saying,
What we want to know about nanotechnology is it’s not going to be the next lead paint.
Lead paint when it came out 100 years ago was the best thing on the market. It stuck on
better. It lasted longer. It ended up poisoning kids in inner cities when those high end
houses became poor houses. Like nano, in many aspects it worked better than what it was
replacing.
NGO also question whether scientists are trying to solve problems, with another problem, rather
than answering the dilemma in the first place. For instance, right now manufacturers are starting
to spray food with nanosilver to help make sure that produce doesn’t have salmonella on it.
However, NGO would like to discover why our produce occasionally has salmonella on it first,
rather than just treat all food with nanosilver. Vincent (NGO) says,
We don’t want salmonella in our food. However, do we really need every bit of lettuce
sprayed with nanosilver to kill what shouldn’t be on the lettuce in the first place?
NGO also want nanosafety tested at all different levels of the product life cycle. For instance,
they would like products for end users safety tested, but they would also like the manufacturing
process safety tested. Vincent (NGO) expresses his concern for nano-factory workers when he
says,
We're always reactive. When we find out that these things are having adverse impacts on
human health, and there's some documentation. There's now particle factories in China
where people are starting to show up with long-term, chronic respiratory problems of
various kinds. Factory conditions, they aren't very good anyway, so there is a lot of
research like these things do have impacts. We just don't know much about what's the—
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what are the limits. Where are the thresholds where you start to see impacts or where you
can do this and still kind of maybe have minimal impacts, or no impact at all? We don't
know.
This quotation also helps express Vincent’s desire for strong safety tests upfront rather than after
negative impacts have been shown.
Lastly, NGO feel that the government and industry are not making safety a priority to be
malicious; NGO just believe that there hasn’t been the same incentive for safety testing as there
has been for developing the technology itself. Further, NGO understand that nanosafety might
not be as an exciting of a research topic as nanodevelopment. However, NGO are appreciative of
the universities and scientists that have started to specialize in nanosafety. Malcolm (NGO) says,
A lot of times, what I’m learning more and more, it’s not necessarily the evil intent of
governments or industry, it’s a lot of misunderstandings and a lot of lack of motivation to
really do it right it seems.
Information Disseminators. Like other key stakeholders, NGO have been tracking
nanotechnology’s progress all over the world since it first started to be used in modern
manufacturing. One thing that NGO find very disheartening though, is that nanotechnology has
grown exponentially, yet consumers still know little to nothing about it. NGO believe that this is
due to the lack of information disseminated by other actors.
Malcolm explains how overwhelmed he was due to the lack of information regarding
nanotechnology, particularly since he was hired for NGO1. He said that he was hired to go from
studying genetically modified foods (GMOs) to nanotechnology because they told him
nanotechnology was going to create the next industrial revolution, which came as a surprise to
him since he had never heard of it before. Malcolm knew that if he hadn’t heard of
nanotechnology that consumers definitely hadn’t either. He expresses these thoughts when he
says,
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I first heard about nanotechnology about six years ago when I started with [NGO]. Before
working for [NGO] I worked for [another NGO] on several of their genetically modified
foods and things, specifically on rice. This was a technology I’d never heard about and it
was being spoken of as the next frontier of GMOs and really the next industrial
revolution. I was surprised that when I first learned about it that I hadn’t heard about it
before. I think the term nano is used for various things at times. I feel like probably when
I was first asked, thinking, yeah, I know what nano is, what about the technology with
this? I began learning about nano materials being used in cosmetics and then in different
agricultural applications, sunscreens, stuff like that. It’s actually quite amazing how many
people don’t know anything about it yet.
NGO have a suspicion that the other key stakeholders are intentionally keeping nanotechnology
behind the scenes so that consumers do not become overly concerned or suspicious of the
science. NGO have a problem with the other actors not telling society because then they are
running their experiments on everyone, including themselves. Malcolm says,
That honestly seems to be the process they’re going forward with, is let’s not get people
too interested or excited about this or just knowledgeable of this because we’re still
experimenting with it. Unfortunately, experimentation is on all of us, usually including
themselves as well.
NGO believe that information to educate consumers about nanotechnology should come from
academia, government, industry and NGO. However, they know that this is currently not a
reality. NGO believe that most of the easily accessible information on nanotechnology is
disseminated by NGO. Therefore, if a consumer knows anything about nanotechnology right
now, it is probably knowledge they have gained from the NGO perspective. Malcolm (NGO)
says,
I feel like there’s such a lack of information, that yeah - they come across our stuff first
because we’re the ones who are really actively putting information out there.
NGO pride themselves on being the only actor in the actor network who is aggressively and
intentionally trying to get information out to consumers. NGO are also eager to talk to any
organization or university that allows them to come speak to them.
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NGO express concern that there is especially a lack of information on nanotechnology
when it comes to nanoproducts. Malcolm, who studies nanotechnology even expressed his
frustration of not being able to tell what products on the market are composed using
nanotechnology. He is also frustrated trying to figure out which nanoproducts are already on the
market and which ones are just hypothetical applications. He expresses this frustration when he
says,
What are we actually talking about? If we’re talking about nano right now, it’s some
materials that end up in products that we consume regularly, but they’re not like, oh,
wow! Then there’s a lot of talk about nanotechnology in the future producing that, oh,
wow, okay, I can get video feed from a room from paint. Technologies that aren’t
necessarily on the market yet.
To help with this, NGO2 tries to compose a list of all nanotechnology products on the market.
However, since it is not mandatory for companies to disclose nanotechnology information, his
company finds it very difficult to get up-to-date and fully accurate information to disseminate.
Therefore, the only time society or retailers know if the products they are buying and/or selling
contain nanotechnology is if the manufacturers are willing to disclose that information to them –
which, in the United States, is very infrequently. Sean (NGO) says,
I think too that in the groups like ours have been among groups making the list of nano
products. We’d really like to see the Consumer Product Safety Commission or other
government groups make this list. In order to do that they’re going to need more
resources. They’re going to need the ability to ask a company is this nano or not? Our
lists are made up of companies that are brave enough or brazen enough to list the nano
content of the products. That probably skews it to Asian made products because nano has
a different view in Asia than it does in the rest of the world. This world [The USA]
doesn’t view nano is really positive but in Asia nano is perceived more positively so we a
lot of products that have nano advertised.
Bottom line is that NGO believe that all of the key stakeholders need to start
communicating to society and consumers about what is going on in the field of nanotechnology.
Sean (NGO) says,
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Who is responsible for communicating to consumers? Everybody. Certainly industry has
an obligation if they are introducing something new to explain it, and to make sure that
it's safe. Government has the obligation to make sure it's safe and to be until society's
more aware of it, and an obligation to also make the public aware of this.
Further, Malcolm says for the field of nanotechnology to grow, consumer and society must know
about nanotechnology. Malcolm (NGO) says,
I think that it’s been behind the scenes in several applications. I guess that can only get
you so far. At some point if the technology is to really expand and develop it needs to be
known about more, and not just the issue of precaution and risk that our organization is
speaking to the public and governments about, but just in general nobody knows about it
so people aren’t necessarily looking for it.
Other’s Perspective of Actor Role. There is only one theme that emerges when talking
to other actors about NGO. It is that NGO are relatively unimportant to the development of
nanotechnology. It turned out if an informant was extremely against nanotechnology, they may
have one nice thing to say about NGO. However, if the informant was not incredibly against
NGO, they did not have much, if anything to say about the role of NGO in the formation of
nanotechnology.
The self perspective of the NGO actor’s role is positive and seems like they would be the
best at facilitating the other actors toward mobilization. However, there is a large disconnect
between self and other’s perspective of NGO role in the formation of nanotechnology. The
other’s perspective of the NGO role is not so positive and makes one think that NGO would not
be listened to by other actors.
NGO are Not Important. As I previously mentioned, with the exception of a couple
informants who are incredible opposed to nanotechnology, all other actors think that NGO are
relatively unimportant. One informant who does appreciate the NGO is Charles. This is because
a lot of Charles dialogue and societal concerns align with NGO beliefs and desires to take a firm
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stance on safety. Charles believes that NGO are the only societal actor who is taking the
precautionary principle seriously. Charles (academia) says,
They're not conducting research and they're not necessarily close to it, but they're the
ones that seem to be taking the precautionary principle to heart.
However, even Charles admits that NGO are not very close to the research themselves.
When Industry, Government and Academics were asked who the other societal actors
were in the formation of nanotechnology, they would only refer to themselves and each other.
When asked about NGO, other actors would acknowledge NGO presence, but that was usually it.
Some informants would change their dialogue after NGO were brought up by defending their use
of nanotechnology. This gives the impression that other actors see NGO as being very anti
nanotechnology and that they must defend their use of nanotechnology when NGO are in the
picture. For instance, when Tom (academia) is asked about NGO he responds by saying,
Yes, I could imagine that some of them. [However,] nobody would deny the benefits that
nanotechnology would bring to whatever area they do, but other organizations, depending
on what’s happening, they could see a negative effect. For example, maybe in the process
of making a nanotechnology-based product, a bi-product would develop or maybe the
nano component themselves, they would not be controlled in the way they make them,
and then they could both help the environment and hurt the environment and, of course,
this could cause other people to host them, but in my opinion, this opposition here is not
to nanotechnology itself. It’s to the second effects that people do resist - nanotechnology
must take care of them. In other words, we cannot say this will benefit us and let’s
destroy everything else to get it. No, we must find ways to mitigate the risks so that we
can present what we have to its advantage.
In this quote, you can see how Tom acknowledges the presence of NGO. However, rather than
discuss the way they impact him and his research like he does with the industry and the
government, he immediately just starts defending nanotechnology. Tom says that he doesn’t
think that people should be concerned about nanotechnology, but rather the potential side effects
that come from the process of making a nanotechnology-based product. Tom believes that there
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is a chance that the side effects could hurt the environment or that people could host the particles.
However, he believes that academicians should proceed forward with their research while just
minimizing the risks while they research. The quote could be interpreted as Tom acknowledging
that NGO are concerned about the safety of nanotechnology, but that they do not need to be
because academia has it under control.
Lou (Industry), also acknowledges NGO, but sees them as an actor that has jumped to
negative conclusions too quickly. Lou admits that there are a lot of unanswered questions about
nanotechnology, but doesn’t think that information needs to be disseminated until more is
known. Lou says,
NGO are disseminating a lot of information – or misinformation. One of the two. Maybe
I wouldn’t say a lot of misinformation. I think there are questions that are unanswered
and when there are questions that are unanswered such as the health risks posed by small
particles, to humans and animals, and when those questions are unanswered then people
will make assumptions. Whether they’re right or wrong, no one can refute it because
nobody knows.
Overall, other actors acknowledge NGO and their ability to disseminate information.
However, other actors see NGO as being against nanotechnology and overly concerned about
safety. Other key stakeholders do not see NGO as being relatively important.

Discussion

A summary of all of actor themes can be found in Table 3. After interviewing
representatives for each key stakeholder, themes emerged about their perspective of their role.
Themes also emerged about each key stakeholder’s opinion about other key stakeholder’s roles.
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Analyzing these themes, it becomes obvious that there are some consistencies. It also becomes
apparent that there are some conflicts and contradictions (summarized in Figure 4).
The most consistency can be seen in academia’s role. That is, academia’s perceived role
of what they do, is similar to what other key stakeholders see them doing. Academia sees them
as the primary actor progressing the science of nanotechnology. Other key stakeholders also see
academia as the key player in progressing the science of nanotechnology. Academia also see
themselves as having a good understanding of the importance of studying both the positive and
potential negative consequences of nanotechnology; other actors also see academia as studying
all different aspects of nanotechnology, including the positive applications and potential negative
consequences of nanotechnology. Other actors appreciate the research done in both regards.
Lastly, academia sees itself as the heart of nanotechnology information; it also understands the
importance of transmitting this information to the other key stakeholders. Industry, government
and NGO agree that academia is at the heart of the information. They are also appreciative of
academicians for transferring the knowledge to them for use in their own roles.
Although there is one similarity within industry’s role, there are also many
contradictions. The one similarity is that industry sees themselves as the actor responsible for
taking the science of nanotechnology and putting it in the hands of society by producing
nanoproducts. Other key stakeholders agree, and say that they believe that industry is 100%
responsible for the commercialization of nanotechnology. This is where the similarities within
industry’s role ends. Industry thinks that by commercializing nanotechnology, they are
providing products for a better lifestyle. Industry also believes that they can use nanotechnology
to fix the economy. Both of these themes center around nanoproducts being positive and
desirable. When talking to industry members, they feel that nanoproducts have the potential to
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revolutionize lives and to help advance society. They also feel that manufacturing nanoproducts
will bring jobs back to the United States and fix the United States’ economy.
However, other key stakeholders see the commercialization of nanotechnology being
more negative than positive. Other stakeholders see industry as being very secretive and
nontransparent about the process they are going through to produce nanoproducts. Other key
stakeholders also wish that industry would abide closer to the precautionary principle. That is,
they would like to see industry wait to produce products until more of the potential negative
consequences of nanotechnology are known. Overall, other actors see industry’s role as being
negative and enigmatic. They see the potential use for industry in the future, but not until more is
known about the safely aspects of nanotechnology. That is, industry may have a role, but not one
that should be implemented until later in nanotechnology’s lifecycle.
There is even less similarity of the self and of the other’s perspective of the government
role in nanotechnology formation than there was for industry’s role. That is, the role of the
government from its own eyes and from other key stakeholder’s eyes is very contradictory. The
government sees themselves as the be-all for nanotechnology. They see themselves as the actor
who deliberately started all of the hype surrounding nanotechnology; they also established bigpicture goals for lofty nanotechnology growth and then set them into place. The government
intentionally developed nanotechnology to help the United States sustain world power and to
keep nanotechnology from getting into the wrong hands. The government also believes that they
can test and control the safety of nanotechnology through governmental agencies. Overall, the
government sees itself as the controller and ruler of nanotechnology with perhaps a little research
help from academia when its own national research laboratories can’t research everything.
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Other key stakeholders see the government’s role as being very different than this.
Although they agree that government thinks they intentionally established nanotechnology, they
also think that nanotechnology was a natural evolution of science. Further, although academics
are thankful for governmental funding, the hype that government has created around the word
“nanotechnology” only makes academics have to be more strategic about using the word
“nanotechnology” in their grant applications to get the research funding they need. Further, other
key stakeholders question whether the government can sufficiently test nanosafety themselves.
Lastly, other key stakeholders are very concerned about learning lessons from and setting
examples for nanotechnology in other countries. Other key stakeholders would like to see the
United States government help set international standards and safety protocols for
nanotechnology.
Perhaps the largest disconnect though takes place within NGO role within
nanotechnology. NGO see themselves removed enough from the actual development of
nanotechnology to be the one actor who can be firmly objective about the formation of
nanotechnology. Therefore, NGO see themselves as the facilitators for society. That is, they see
themselves as the one actor who can truly objectify what is best for the rest of society and not
have their own interests at heart. They also see themselves as the regulation catalyst for
nanotechnology and as the one actor who is willing to take a firm stance on safety.
NGO seem to understand and to have followed the rudiments of Foucault’s discourse on
power (Kendall and Wickham, 1998). That is, NGO have taken a step back and studied the
power among societal actors from a very objective viewpoint and then from an empathetic
viewpoint for society. NGO seem to best understand the underlying cultural discourses that each
key stakeholder represents. Knowing this, one would think that NGO could play a prime role in
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helping nanotechnology through the four steps of translation and ultimately mobilize (Kendall
and Wickham, 1998). Ironically though, the other actors do not recognize NGO as being
important. Other key stakeholders see NGO as being anti-nanotechnology and overly concerned
about safety. Additionally, since they do not have an active role in the development of
nanotechnology, other key stakeholders see NGO as not playing a role at all.
Figure 5 summarizes the similarities and differences between the self perspective of actor
roles and others’ perspectives of that actor’s role. The difference between academia’s perception
of its role and other’s perception of academia’s role is slim. However, the gap between industrys’
self vs. other perceptions are larger, and government’s self vs. other’s perception is even larger
than industries. NGO have the largest difference between their perception of their role and
other’s perceptions of their role. NGO arch also shows a disconnect which is due to other key
stakeholders seeing NGO as so removed from the market formation of nanotechnology that NGO
are considered as not playing a role at all. The differences and contradictions between actor’s self
roles varies other’s perception of the roles as the main reason why nanotechnology has not yet
mobilized.
This also shows that the theoretical formation of nanotechnology is different from the
reality of the nanotechnology marketplace. Academia is the only key stakeholder whose role
stays the same no matter which key stakeholder you talk to. Additionally, theoretically
discussing the stakeholders tend to only bring out a stereotypical, one-dimensional perspective of
market place formation. For instance, from an etic perspective government is seen as advancing
nanotechnology, industry is seen as managing nanotechnology, academia is seen as developing
nanotechnology and NGO are seen as informing society about nanotechnology. Bringing in the
emic allows one to see the multifunctions of government, industry and NGO roles in the
117

formation of nanotechnology. The emic is also able to show the differences between each actor’s
perspective of their role and other’s perspective of their role.
Reflecting on all of the different actor themes and the difference between self vs. others’
perceptions of actor roles, it becomes apparent that there are three central themes and one
overarching theme. The three central themes and one overarching theme can be used as a
summarization tool.
The three central themes are: 1) Contradiction, 2) Constance and 3) Cutoff. These three
themes summarize the differences and similarities between self vs. other perceptions of actor
roles. The contradiction theme refers to the contradiction that takes place between the self
perspective of actors’ roles vs. the other’s perspective of actor’s roles for both the government
and industry. Both the government and industry had very different opinions about their own role
than others had of their role. The consonance theme refers to the consistency within academia’s
self vs. other role perception. Both academia and other key stakeholders had the same
perception of what academia’s role is. Because of this consistency, academia has the best chance
at mobilizing the market of nanotechnology. The cutoff theme refers to the cutoff or disconnect
that takes place over perceptions of NGO role. From NGO perspective of their role, NGO have a
great chance of being a nonbiased actor that could help with communication and mobilization of
the nanotechnology market. However, all other actors see NGO as being unimportant.
Therefore, we say there is a complete disconnect that takes place within NGO self vs. other’s
role.
A binary opposition emerges as the overarching theme from the analysis. The opposition
is between cultural concerns and economic benefits. Throughout the dialogue that takes place in
all 27 interviews, it is clear that informants have strong opinions about the cultural concerns
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and/or the economic benefits that nanotechnology brings to light. The opposition between
cultural concerns and economic benefits creates a juxtaposition that actors use to express their
own viewpoints and combat other actor’s viewpoints.

Conclusion

In this essay a brief summary of Essay 2 is given where market legitimation, actor
network theory, Foucault’s discourse on power, and Goffman’s frame theory analysis is
reviewed. Then the method for this essay was discussed; the types of interviews, description of
text and analytical procedures used for Essay 2 were explained. The results were then analyzed
and explained through key themes that emerged around government, industry, academia and
NGO perception of their own role in the marketplace formation of nanotechnology and for
other’s perception of their role in the formation. It is decided that some of the actors have a
similar self vs. other perception of role, while others have a large disconnect. The differences and
similarities between self vs. other’s perceptions of actor roles are summarized in three central
themes: 1) Contradiction, 2) Constance and 3) Cutoff.
There is also a key, overarching concern that emerges from the entirety of this essay. The
key concern is a binary opposition that emerges from the competing cultural discourse between
economic benefits and cultural concerns. Interestingly, this is the same binary opposition that
emerged in Essay 1. However, a rhetorical debate emerged in Essay 1. In Essay 2 the opposition
lies in the power of market economic narrative in the legitimation process of nanotechnology.
The opposition between economic benefits and cultural concerns is clearly fundamental
in the theoretical and tangible aspects of market place formation. It is essential that this
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opposition be developed from a critical marketing perspective; this will be the purpose of Essay
3.
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IV: ESSAY 3: BRINGING THE CRITICAL INTO MARKET FORMATION RESEARCH

Introduction
Murray and Ozanne’s 1991 groundbreaking article published in the Journal of Consumer
Research brought critical theory to consumer research. Now, in order to better contextualize
market formation theories, it is important to bring critical theory to market system’s research.
Specifically, this article explains how critical theory can be used to supplement Actor Network
Theory (ANT) – a popular market formation theory.
ANT is a theory that helps describe the success or failure of an innovation by exploring
dialogue that takes places among societal actors. In order to explore the dialogue, ANT uses a
four stage model that is referred to as translation and includes the following four stages: 1)
problematization, 2) interessement, 3) enrolment, 4) mobilization. Studying the translation of a
market allows researchers to deeply understand the market formation of a particular context;
additionally, researchers are able to determine all of the key stakeholders that play a role in the
formation of a marketplace. By exploring how the key actors interact with each other,
researchers are also able to understand patters of domination. Overall, ANT allows researchers to
determine how mobilization occurred in a specific context (Callon, 1986; Latour, 1988). I
propose that ANT provides the perfect platform to apply critical theory too.
Critical theory stresses the importance of reflecting, assessing and critiquing society. The
purpose of critical research is to liberate society from circumstances of domination (Murray and
Ozanne, 2006). Critical theory calls for critical participation in research to theoretically inspire
social change. Critical theorists understand that society changes through dialogue. Knowing this,
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I propose that critical theory should be applied to ANT to explore the conflicts that are taking
place among key stakeholders to get an understanding for why mobilization has not occurred.
Adding critical theory to the process translation gives a theoretical platform for researchers to
critically participate in their research to potentially help actors reach mobilization. That is,
critical theory allows the researcher to give a diagnostic perspective on why the marketplace for
nanotechnology is not diffusing. Key stakeholders will then be able to understand challenges that
will need to be overcome in order to reach mobilization. Researchers could then take an extra
step to encourage actors to see their situation within the network differently; however, this step is
beyond the scope of this essay.
The purpose of this essay is to theoretically and empirically show how ANT and critical
theory can be combined to better understand the process of translation through exploring
conflicts and contradictions among key stakeholders. Often conflicts and contradictions are
preventing networks for mobilization since actors are not always aware of the conflicts and
contradictions taking place. Essays 1 and 2 concluded that there is an overarching theme in the
market formation of nanotechnology which is a contradiction between economic benefits and
cultural concerns. Essay 3 will now explore this juxtaposition in order to identify how ANT and
critical theory can be combined to better understand the process of translation.
The rest of this essay is as follows: 1) a brief literature review is conducted for both ANT
and critical theory; 2) Essay1 and Essay 2 are reviewed; 3) the actor themes that emerged from
Essay 2 are discussed; 4) the overarching theme from both Essay 1 and Essay 2 (i.e., the
contradiction between economic benefits and cultural concerns) is explored from an etic
perspective; 5) the contradiction between economic benefits and cultural concerns once emic is
added to the etic is then discussed; 6) lastly, there is a discussion and conclusion.
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Actor Network Theory and Critical Theory

Actor Network Theory
Historically, most of academic research in the field of marketing has evolved around the
consumer (Humphreys, 2010; Karababa and Ger, 2010). However, a thriving and diverse body of
research that intentionally explores the formation, creation and reshaping of markets has
emerged in the past five years in marketing literature (Siebert and Thyroff, 2012). In this
research, markets are considered to be a network of social systems that are created and/or
changed through discursive negotiations and practices of various market stakeholders.
A common theory used to study the formation of markets is ANT. ANT can be used to
determine why the success (or failure) of a discourse occurs and the specific actors that play a
role in the success or failure (Giesler, 2012). ANT describes a four stage model (i.e., translation)
that can lead to mobilization of a market (Callon, 1986; Latour, 1988).
The first stage of translation is problematization. Problematization discusses the creation
of an innovation and the actors that seek to play a role in its development. During this stage, the
different actors plead their case as to why they are imperative to the mobilization of this
innovation. Actors want to make sure that other actors know that they are the key to the
mobilization of the innovation (Callon, 1986; Latour, 1988).
Interessement is the second stage of translation. During interessement, different actor
roles are negotiated and actor functions begin to take shape. If interessement is successful, then
enrolment exists. This means that actor roles are accepted. For this to happen, often negotiation
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is necessary. Different actors can end up agreeing on their roles for various reasons including
power, contracts or even physical force (Callon, 1986; Latour, 1988).
The last stage of translation is mobilization. During this stage, actor roles are performed.
Additionally, representatives to talk on behalf of the network are selected. Further, what the
representatives say and explain to society about the innovation is determined. It is also important
to mention that dissonance can occur after mobilization has taken place. Dissonance refers to
conflicts and/or betrayals that take place by actors. After dissonance occurs, mobilization may
continue or end completely (Callon, 1986; Latour, 1988).
Critical Theory
The purpose of critical research is to make life better for societal actors through
communication between both the critical theorist and the social actors being studied (Murray and
Ozanne, 2009; Murray, Ozanne, and Shapiro 1994; Murray and Ozanne, 1991). Critical Theory
is “a normative theory that prompts reflection on domination restoring a sense of history and the
dialectical imagination (Murray and Ozanne 2006, pg 50).” This definition is comprised of six
points of reference: normative theory, domination, history, reflection, dialect and imagination.
First, critical theory draws from normative theory which imagines human potential
without the constraints of power relationships. Second, critical theory assumes that domination
exists in all social relationships, and that it is important to emancipate and change these
relationships to liberate society. Third, critical theory presumes that society is historically based
rather than naturally forming; it is domination that makes society seem normal rather than
historical. Knowing this, people are most successful if they forget about history and their ability
to impact history, and instead, focus on specific interests that could change society at a larger
level. Fourth, critical theory relies on the reflection of cultural impacts and social actions to
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understand and challenge domination. Fifth, critical theory assumes that society is built around
the dialogue that takes place between people who are acting in their best interest to support or
restrain certain actors. Therefore, critical theorists know that it is important to explore dialectical
tension between people’s social ideas, structures, and policies. Lastly, critical theory relies on
imagination to determine the best possible alternatives (Murray and Ozanne, 2006; Murray and
Ozanne, 2009).
There are three main stages that occur within critical theory (Murray and Ozanne, 1991).
The first stage is called the initial stage. During this stage, researchers are to select a context to
research that is surrounded by a problem or miscommunication that is or has the potential to
impact society. Then researchers are to identify who is affected by the problem during this stage.
The second stage is the data collection stage. This stage is comprised of five steps: 1) the
interpretive step, 2) the historical-empirical step, 3) the dialectical step, 4) the awareness step,
and 5) the praxis step. The interpretive step encourages the researcher to get thorough
understanding of each actor’s worldview through dialogue between the researcher and the
societal actors. During the historical-empirical data collection step, past studies and articles in
the researcher’s context are reviewed. During the dialectical stage, both the interpretive and
historical stages are combined into a single analysis. Also, during the dialectical stage, the
researcher is to look for contradictions and inconsistencies that take place among the actors. The
awareness stage takes place when researchers encourage actors to see their situation within the
actor network differently. The researcher can encourage different paths that they see may be
better for society, but the research must allow the actor to ultimately do what they want. The last
step is the praxis step where the researcher is to imagine the best-case scenario that could evolve
from the problematic context they have been studying. Then, the researcher is to theoretically
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participate in the context to encourage change and to ultimately create a better society (Murray
and Ozanne, 1991).
The third critical theory stage is evaluation. During the evaluation stage, all five steps of
the data collection stage are evaluated. For example, during the interpretative stage researchers
can evaluate if all relevant social groups were identified. During the historical-empirical step,
researchers can determine if all relevant empirical studies were examined. During the dialectical
step, researchers can reflect to make sure all contradictions were identified. During the
awareness step, the researcher can determine if all actors see their current situation accurately
and if the societal actors see themselves as capable of positive action. Lastly, during the praxis
step, researchers can see if life has been improved for the societal actors (Murray and Ozanne,
1991).
Combining Critical Theory and Actor Network Theory
ANT allows a researcher to explore the actors that played a role in the success or failure
of an innovation. After exploring a context through the lens of ANT, the researcher becomes an
expert in that particular context; researchers are able to understand each key stakeholder’s
stances on a particular context. Key stakeholders’ are strong and firm in their viewpoints and the
researcher documents these stances. A problem with ANT is that it is less of a theory and more
of the mapping of a phenomenon. ANT needs to be combined with something else to be useful.
Critical theory can be used to contextualize ANT.
Critical theory explores problems, miscommunications, contradictions and conflicts in a
particular context. Critical theory encourages researchers to understand the actors involved in the
conflict through dialogue. Critical theory is diagnostic in nature and allows actors in the network
to understand what challenges they need to overcome to reach mobilization.
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By adding critical theory to ANT, researches can provide a critical evaluation of what is
taking place during the process of translation. Researchers can do this by applying their
knowledge of the context to explore the conflicts and contradictions. That is, after understanding
a context thoroughly using ANT, critical theory can then be used to help actors understand the
struggles that are taking place within the actor network that are preventing mobilization. This
knowledge can then perhaps be used by the actors to help with mobilization.

Review of Essay 1 & 2

Essay 1 Review
Following the trend of market system dynamics, Essay1 took an etic perspective to study
the market formation process of nanotechnology. Essay 1 also theoretically explored the actor
network that has formed within the nanotechnology market. Market system dynamics literature
suggests combining several market formation theories to study how a market evolves over time.
Some of the many market formation theories that have been used include the following:
Foucault’s Discourse on power, actor network theory, Goffman’s frame theory analysis,
institutional theory, systems theory (Giesler, 2008; Karababa and Ger, 2010; Humphreys, 2010).
After careful consideration, I combined ANT, Foucault’s Discourse on Power, and Goffman’s
Frame analysis to explore what the actor network for nanotechnology looks like. Both of
Foucault’s ordering tools (i.e., archaeology and genealogy) were applied to determine the power
taking place within the actor network. Foucault’s discourse on power was supplemented with
ANT to account for the contingencies that lead to the establishment of the marketplace. Lastly,
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Goffman’s frame theory analysis was used to get an in-depth and all-encompassing for the
societal views within each actor’s frame.
Essay 1 concludes that there are four dominate frames that compose the market of
nanotechnology: 1) Advancement, 2) Management, 3) Development, and 4) Informant. Each one
of these frames has its own cultural producer, discourse, position, root cause, basic foundation,
descriptors and actions. The advancement frame is culturally produced by the government, the
management frame is culturally produced by industry, the development frame is culturally
produced by academia and the informant frame is culturally produced by NGO. It is suggested
that media and social networks is at the heart of these frames, translating and interpreting their
stances on nanotechnology to society.
Essay 2 Review
Essay 2 took what was learned from a purely etic perspective in Essay 1 and combined
the etic with emic. That is, essay 2 empirically explored the actor network for nanotechnology
using interviews. There are three main types of interviews: ethnographic, long, and existential
phenomenological interviews to select from as an interpretive researcher.
Ethnographic interviews are conducted while the interviewer is in the interviewee’s
natural habitat. Ethnographic interviews tend to be informational and unstructured; therefore, it
makes it very important to take detailed notes about the encounter right offer it happens (Wong
and Wu, 2012). Long interviews are more structured and less interfering than ethnographic
interviews. Long interviews are known for being time efficient, finely focused and efficiency
maximizing (McCracken, 1988). Existential phenomenological interviews combine the
philosophy of existentialism with the methods of phenomenology to get a deep, empathetic
understanding of informants (Murray, 2011). Existential phenomenological interviews take place
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for a long time, but once they are completed an exhaustive and rigorous knowledge of the
informants lived experience is understood (Durant-Law, 2008).
Knowing that I was conducting interviews with experts in the field of nanotechnology, I
decided to conduct long interviews. Nanotechnology experts were not going to have the time for
existential phenomenological interviews and were not going to have the logistical means or
patience to have someone conduct an ethnography around them. Therefore, I followed
McCracken’s (1988) four steps for conducting long interviews. First, I conducted a literature
review in nanotechnology by reading over 200 articles on the topic. I not only had a strong
understanding on the nanotechnology market, but I was also able to determine that there were
four key stakeholders at the center of the market formation for nanotechnology (i.e., government,
industry, academia, and NGO) that all should be represented in the interviews. Second, I started
to internalize and conceptualize all of the information I had read about nanotechnology. I did this
by writing Essay 1 of my dissertation. Third, I developed a questionnaire that was composed of
six opened ended questions: 1) when did you first learn or become interested in nanotechnology,
2) how has nanotechnology changed or evolved since then, 3) in your opinion, who are the
societal actors surrounding the formation of the field of nanotechnology, 4) what are the different
actors’ roles, 5) what do you see the future of nanotechnology being, and 6) is there anything
else you want to add before this interview is concluded? I also decided that I would use a
judgment sample, followed by a snowball sample, to makes sure that I conducted long interviews
with at least three experts from each key stakeholder. Lastly, I got all interviews transcribed
verbatim by a professional transcription service.
In a timeframe of three months, I ended up with three long interviews with government
officials, three long interviews with NGO representatives, four long interviews with indusial
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representatives and seven long interviews with members of academia. Additionally, through the
process of conducting long interviews, I ended up with five academic ethnographic interviews
and, two industrial ethnographic interviews. In total, I ended up with 24 interviews; 17 of which
were long interviews and 7 of which were ethnographic interviews. The length of recorded
interviews had a range of 15 to 40 minutes with a mean length of 22 minutes. After transcription
the text ended up being 208 pages.
The data was analyzed using the hermeneutic, part-to-whole grounded process. All four
key stakeholders’ (identified in Essay 1, i.e., government, industry, academia and NGO) role in
the market formation for nanotechnology was analyzed from self and other’s perspective. It is
determined that some actor’s perception of their role is similar to how other key stakeholders
view that actor’s role. However, there are more clashes and inconsistencies among these actor’s
roles than there are similarities (see “Review of Key Actor’s Themes from Essay 2” section
below).
Essay 2 concludes by discussing the three central themes that emerge when discussing
differences between self and other’s perspective of actor roles: 1) Contradiction, 2) Constance
and 3) Cutoff. There is also one main overarching theme that emerges from the entirety of essay
2 which is an opposition between economic benefits and cultural concerns.

Review of Key Actor’s Themes from Essay 2

It is important to explore how each actor views its role in the market formation of
nanotechnology. It is also important to view how others perceive that actor’s role in the
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formation. Therefore, both self and other’s perspective for each of the key stakeholder’s roles
was analyzed in Essay 2.
Government
There were three main themes that emerged from the dialogue of the government talking
about its own role in the formation of nanotechnology. These three themes include the following:
1) Intentional Establishment of Big Picture Technology, 2) Sustaining World Power, and 3)
Safety Check Within. Overall, the government views itself as being the main actor in the
formation of nanotechnology. The government understands that it has the ability to forecast,
fund, research, and develop nanotechnology. It also believes that they have a good handle on the
safety testing of nanoproducts.
Other’s view the government’s role as being very different than the government views its
role. The three themes that emerge when discussing other actor’s perspectives of the
government’s role in the formation of nanotechnology include the following: 1) Funding as a
Double-Edged Sword, 2) Skeptical on Safety, and 3) International Comparison and Concerns.
Other actors believe that the government is leading the way with nanotechnology by providing
funding to industry and academia. However, they see the government’s funding as a doubleedged sword. That is, both industry and academia are thankful for the funding, but both groups
(especially academia) are concerned that deliberate funding of nanotechnology takes away from
the natural revolutions and progressions of science. They also believe that governmental funding
often slows down science since it can be so difficult to get grant money sometimes. Other actors
also believe that the government does not have the safety of nanotechnology under control and
that the US government must be more proactive and responsible when it comes to safety testing
nanoproducts. There is also a lot of concern from the other actors on how other countries’
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governments are handling the use of nanotechnology and how that affects America’s commerce
and safety. Many actors want to see the US government set up nanotechnology regulations for
trade.
Industry
There are three main themes that emerge from industry’s discussion of their own role in
the formation of nanotechnology. These three themes include the following: 1) From Science to
Society, 2) Better Products for a Better Life, and 3) Fix the Economy. Industry believes that they
are able to do great things by taking nanotechnology out of the laboratory and into society.
Industry believes that the nanotechnology products that they can development will give people
products they are more satisfied with so they can live a happier lifestyle. Further, industry also
believes that nanotechnology manufacturing and products have the ability to strengthen the US
economy.
There are also three themes that emerge from other actor’s perspective of industry’s role
in the formation of nanotechnology. These three themes include the following: 1) 100%
responsible for commercialization, 2) Secrets and Nontransparency, and 3) Most in Need for
precautionary principle. The first theme, 100% responsible for commercialization, is similar to
what industry thinks of itself. That is, other actor’s agree that industry is responsible for the
commercialization of nanoproducts. However, other actors are skeptical of industry’s motives for
production; they believe that industry is only concerned about profit and not about bettering
society. Other actors wish that industry was less secretive and more transparent with its
company’s nanotechnology operations. Other actors also see industry as the most in need to use
the precautionary principle. That is, other actors wish that the industry would not produce any
nanoproducts until nanotechnology has been deemed safe.
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Academia
There are three overarching themes that emerge when academia discusses its role in the
market formation of nanotechnology. These themes include the following: 1) Progressors of
Science, 2) Importance of Studying Pros & Cons, and 3) Heart of Information. Academia sees
nanotechnology as a natural extension of science; therefore, they see the implications of their
research being around for a long time. Academics are in unison that it is important to study the
positive and negative aspects of nanotechnology and are proud that there are scientists advancing
knowledge in both of these areas. Lastly, because of the knowledge gained in academia,
academia considers itself to be at the heart of all nanotechnology information. Further, academia
knows that it is its responsibility to diffuse its research findings to the other key stakeholders.
Other actors tend to see academia’s role similarly to the way academia views its role.
One could say that academia’s role is straightforward and transparent. The main themes that
emerged from other actors discussing academia’s role were the same themes that emerged from
academia’s discussions. The three themes include the follwing: 1) Progressors of Science, 2)
Importance of Studying Pros & Cons, and 3) Heart of Information. Other actors viewed
academia is the progressors of the science of nanotechnology. They also appreciated academia’s
ability to study both the positive and negative aspects of nanotechnology. Many of the other
actors also saw academia at the heart of nanotechnology information and appreciated its
willingness to share its information through publications, classes and lectures.
NGO
There are three themes that emerge when the NGO discuss its role in the formation of the
market of nanotechnology. The three themes include the following: 1) Facilitating for Society, 2)
Firm Stance on Safety, and 3) Information Disseminators. The first NGO were established in the
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1940s to give strong opinions, but operate independently from the government and to operate as
not-for profit. Since they are unaffiliated with the government and since they do not run like a
normal industrial company, NGO has a less active role in the formation of the nanotechnology
network. However, because it is less involved in marketplace, NGO sees itself as a more
objective representative for society that is able to help spark regulation and take a firm stance on
safety. NGO seem to understand the fundamentals behind Foucault’s discourse on power and
ANT’s process of translation. Knowing NGO goals for nanotechnology, one would think that
NGO would be the best actor to help mobilize the network. However, there is a large disconnect
between what NGO think its role is and what others think NGO role is that shows that NGO does
not have enough respect to be the facilitators of mobilization.
There is actually only one theme that emerges when other actors discuss NGO role in the
formation of nanotechnology. This one theme is NGO are (relatively) not important. That is,
there is a large disconnect between self and other’s perspective of NGO role in the formation of
nanotechnology. The only people who seem to appreciate NGO are people who align strongly
with NGO firm stance on safety. However, most others believe that NGO are not important.

Overarching Theme: Economic Benefits vs. Cultural Concerns

The key overarching theme that is drawn from both Essays 1 and 2 is that a contradiction
exists between economic benefits and cultural concerns. This opposition is fundamental in the
theoretical and tangible aspects of marketplace formation. It is also this contradiction that is
preventing the marketplace for nanotechnology from mobilizing. It is important to have a smooth
and productive mobilization for society’s sake.
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Contradiction through an Etic Perspective
As mentioned before, Essay 1 explores the actor network for nanotechnology through an
etic perspective. In this essay, the four key stakeholders in the nanotechnology actor network are
identified: government, industry, academia, and NGO. In this essay, Foucault’s Discourse on
Power and ANT are combined with Foucault’s frame theory analysis and the frame package of
each actor is explored. Each frame package includes a position, root cause, foundation,
descriptor and actions of each key stakeholder. After exploring each actor’s frame package, a
clear image emerges on which side of the conflict (economic benefits vs. cultural concerns) they
stand on.
It appears that both government and industry believe that nanotechnology is important
because of all of the economic benefits nanotechnology provides society. Specifically, the
government emerges as a Gnostic entity that believes that nanotechnology improves society’s
lives and helps maintain control. The government believes that the research and development of
nanotechnology is necessary to maintain worldwide power and competitiveness.
Industry also proves to be Gnostic focused. Similar to government, industry believes that
technology has the ability to improve lives and society. They believe that nanotechnology creates
new products and improves market functionality. They also believe that nanotechnology is safe
until proven dangerous.
On the other extreme, NGO are on the cultural concerns side of the argument. NGO are
Romantic in their thinking and believe that nanotechnology is unnatural and unnecessary. NGO
believe that it is important to keep nanotechnology out of society to protect people. NGO also
believe that government and industry do not do what is best for society and that their power must
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be checked. NGO also believe that nanotechnology must be considered dangerous until its
proven safe.
Lastly, academia is seen as being neutral in the debate of economic benefits and cultural
concerns. Rather than being caught up in the debate, academia is theoretically seen as being
curiously cautious. They believe in the pursuit of knowledge and the importance of fostering
learning about new technology. They also believe in the importance of studying both positive
and negative consequences of nanotechnology.
There are theoretical expectations as to why the network is not mobilization. That is, the
reason why the nanotechnology is not mobilizing from a theoretical perspective is because
government and industry are fighting strongly for the economic benefits of nanotechnology,
while NGO are fighting strongly for the cultural concern awareness of nanotechnology. These
strong stances make it impossible for the marketplace to mobilize without one or more of the
actors giving into the other side.
Contradiction after Adding Emic to the Etic Perspective
Essay 2 empirically explores the actor network for nanotechnology. Essay 2 ends with the
same conclusion as Essay 1, that there is an interesting opposition that is emerging in the actor
network for nanotechnology: economic benefits vs. cultural concerns. However, it becomes
obvious that the opposition isn’t as simple as the etic perspective makes it seem. That is, the etic
perspective concludes that the government and industry are for economic benefits, NGO are for
cultural concerns and academia is neutral. However, after the network is empirically explored, it
becomes obvious that each key stakeholder is interested in economic benefits and cultural
concerns.
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For instance, government has members who fit their etic stereotype of wanting
nanotechnology to help them with world power. As Franklin (government) says,
This is an international commercial issue. The United States must stay at the forefront of
this. If we get behind, we’re not going to catch up. And so the government has a vested
interest in the economy and survival of this country to make sure that we are equipped.
This quote shows how it is important for the government to stay at the forefront of
nanotechnology research and development for the long-term health of the United States.
However, contradictory to the etic perspective, the emic perspective shows that there are also
governmental officials that are very aware and anxious over the cultural concerns that
nanotechnology brings. For instance, William (government) says,
Right now we don’t understand a lot of just the basic chemistry and physics and the
properties of nanomaterials that are used in a lot of these [nano-enabled] products. We
haven’t done all of the scientific studies to understand that. [State Senator 1] feels that in
order to protect the public, the federal government has to invest in this very basic
research on the nanomaterials that are most commonly being incorporated into consumer
products. …We don’t understand very simple phenomena of these nanomaterials. For
example, how long do they live in the human body?
The industry is also considered to be Gnostic and only concerned about the economic
benefits from an etic perspective. Further, industry is known for seeing nanotechnology as a
positive entity that has the ability to help with market performance. This can be seen through the
emic perspective as well. Rahul (industry) explains this well when he says,
We are in a society that says give me more give me more give me more, but at a low cost
and low cost. So how can you deliver more functions? … [Nanotechnology] is important
because we have saturated the periodic table. We want another axis’s to the periodic table
that I have an opportunity and a degree of freedom, so I can modify materials. I can make
new materials. I can build a better world by better advancement. That’s why
nanotechnology is important.
However, similar to the emic findings for the government, the emic perspective also reveals that
the industry is also aware and vexed over cultural concerns. For instance, Lou (industry) says,
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I think there are questions that are unanswered, and when there are questions that are
unanswered such as the health risks posed by small particles, to humans and animals, and
when those questions are unanswered then people will make assumptions. Whether
they’re right or wrong, no one can refute it because nobody knows.
This quote shows Lou’s acknowledgement of the unknown when it comes to nanotechnology.
Lou also admits that he is concerned for the people who may use their nanoproducts in the
future. He also expresses concern for his employees who work with the nanomaterials because of
the unknowns. Lou expresses this when he says,
Everything is more complicated with nanotechnology. The health and safety of our staff,
we don’t want to expose any of our team so we have to be very careful with what we’re
doing and that’s different with working with bulk materials. You have to assume that
whatever you’re doing is going to be hazardous because you don’t know that it’s not.
From the etic perspective, academia is seen as not picking a side when it comes to
economic benefits vs. cultural concerns. However, the emic perspective shows that academia
actually has individuals on both sides of the argument as well. For instance, Tom (academia)
explains many of the economic benefits he sees emerging for nanotechnology when he says,
There’s always a trend to make things smaller. Because, every time you make things
smaller, they become faster, more efficient, and you can still do much lower price.
There’s always a trend to push things smaller. That’s why nano became inevitable after
the micro and agents who had the microelectronics and then nanotechnology becomes the
natural evolution from this. Because of that, the work starts by making transistors
smaller. They reach a minimal size and then other structures will become more efficient.
Additionally, many academics also referred to specific scientific breakthroughs and how they
would positively impact society. For instance, Chrisron (academia) says,
I’m really excited about energy efficient products. That’s to me maybe the most
promising, the biggest impact thing that could happen. I just read one thing where
people—a guy is using nanotechnology to absorb all the different bits of the spectrum of
the sun. … It’s like getting the most out of sunlight. And now they are developing them
into products. That’s something I really think consumers if we had enough people saying
I want this—I just want to put something on my roof and not have to pay—I want to get
rid of these power lines in front that are ruining the view and like making us put in a
bunch of coal.
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However, there are also many academicians that are more fixated on the cultural concerns
that nanotechnology brings. For example, Charles (academia) says,
20 years from now there'll be all these weird environmental problems that will be traced
back to the release of all kinds of nanoparticles. I mean I think there'll be impacts on
human health as well as the environment. I mean who knows. Nobody knows. That's the
problem, and this is why it violates the precautionary principle. We've just thrown
precaution to the wind because there's money to be made.
In this quote you can see several cultural concerns that Charles has for nanotechnology. Charles
also goes into lengthy discussions on how it is the economic benefits that allow other people to
overlook the cultural concerns. For instance, Charles (academia) also says,
They recognize that the nanotechnology boom just kind of got up and running, and ran
very, very fast, and largely because there was perceptions that if you could exploit some
of the unusual properties of nano materials, there's a lot of money to be made.
Commercializing this stuff, and capitalizing it, and trying to get it to market in some
application just because there was trillions of dollars to potentially be made.
NGO are known for being only culturally concerned from the etic perspective. The emic
perspective confirms that most NGO representatives are indeed, very culturally concerned when
it comes to nanotechnology. For instance, Vincent (NGO) says,
Do we need every bit of lettuce sprayed with nanosilver to kill what shouldn’t be on the
lettuce in the first place? Nano-pesticides are the biggest use for nano anti-microbials. Do
we need to use antibiotics everywhere or do we have a system that’s broken and do we
need to fix that system rather than to spray nanosilver or nano titanium dioxide
everywhere?
However, through the emic perspective, it emerges that there are NGO representatives who
believe that there could be many benefits associated with nanotechnology as well. For instance,
Malcolm (NGO) says,
I hope [nanotechnology is] just another way for us to see our potential and our power in a
real way, not just in either making money or making gadgets, but really showing us how
deeply we can look into science and see phenomena that are mind blowing in a sense.
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As one can see, the emic perspective explains that the key stakeholders are actually much
more complicated than the theoretical perspective suggests. The emic perspective shows that
each key stakeholder has individuals that are on both sides of the key concern (i.e., economic
benefits vs. cultural concerns). That is, there are members of each key stakeholder that feel
strongly about the economic benefits of nanotechnology and there are members of each key
stakeholder that are anxious about the cultural concerns that nanotechnology brings. Adding
emic to the etic perspective shows how complicated mobilization for nanotechnology really is.
Mobilization is only going to exist if a key stakeholder is able to balance the need for economic
benefits and the worries over the cultural concerns. Further, since each key stakeholder seems to
understand the need for economic benefits and cultural concerns, the actor who has the most
trust, transparency, and constance with their role and message will have the best chance at
mobilization. Essay 2 concludes that Academia has the most constance message, therefore, it is
suggested that academia has the best chance at helping with market mobilize.

Discussion and Conclusion

The purpose of this paper was to explain how critical theory can be applied to ANT to
explore the conflicts and contradictions that are taking place among key stakeholders in a
marketplace. These conflicts and contradictions can shed light as to why mobilization has not
taken place. In the case of nanotechnology, it is the opposition of economic benefits and cultural
concerns that is preventing mobilization
To explore this contradiction I first gave a brief literature review on both ANT and
critical theory. Then, Essay1 and Essay 2 were reviewed. After that, the actor themes that
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emerged from Essay 2 were discussed. The overarching theme from both Essay 1 and Essay 2
(i.e., the contradiction between economic benefits and cultural concerns) is then explored from
an etic and emic perspective.
A theoretical perspective of the contradiction would suggest that the reason why the
nanotechnology marketplace is not mobilizing is because the government and industry are
extremely concerned about economic benefits and on the other end of the spectrum, NGO are
extremely concerned about cultural concerns. The etic perspective also sees academia as a
neutral entity whose members do not take sides on the contradiction (see figure 5).
However, after adding emic to the etic perspective, it appears that self vs. others’
perspectives are much more complicated than the etic perspective alone suggests. The emic
perspective suggests that there are members in each key stakeholder that are on both sides of the
argument. That is, each key stakeholder has members that believe in the economic benefits of
nanotechnology and members in each key stakeholder that show cultural concerns for
nanotechnology. It is the conflicts inside the key stakeholders that are making it difficult for the
marketplace to mobilize. However, all of the key stakeholders are much more similar than was
initially suggested. Therefore, I suggest that it is the actor that shows the most transparency with
their nanotechnology objectives and the actor that is trusted the most that will have the best
ability to facilitate mobilization.
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Figure 1: Human Contact and Level of Product Invasion (LPI) Spectrum
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Table 1: Self-Reported Knowledge of Products and Technologies
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Table 2: The Frame Package of Novel Technologies: Nanotechnology
Cultural
Producer
Position
(i.e. the
reasoning,
logic,
general
argument)

Government
“Advancement”
 National
Nanotechnology
Initiative (NNI) –
believes
nanomaterials are
a technological
revolution
 Stresses the
benefits of
nanotechnology

Root
 Gnostic
Causes
 Improves
(i.e., origins
society.
of cultural
 Social control
phenomena)
 Government
Foundation
funding is
(i.e.,
needed for
underlying
worldwide edge
cultural
in the
values)
nanotechnology.
Descriptors  Maintain worldly
(i.e.,
competitiveness
metaphors,
catch
phrases,
depictions)
Actions
 Government is
(i.e., public
funding
policies and
nanotechnology
procedures
research and
used to
development
enact
 2010 US
values)
government
budget is $1.76
billion
 Global
Competition

Companies/Industry
“ Management ”
 Regulations for
nanotechnology are
adequate, specific
guidelines to follow
would be helpful
 Safe until proven
dangerous
 Companies don’t
talk about
nanoproducts

Academia
“Development”
 Integrate
education and
science
 Explore,
discover and
apply new
technology
 Consumer
acceptance
and market
formation
 Desire for
acquiring new
knowledge

NGO
“Informant”
 Regulation is
inadequate
 Nanotechnology
requires caution
 Calling for
nanoproduct
halt.
 Uses emotional
response

 Market
performance and
power

 Foster
learning about
new
technologies

 Protect society.
 Others don’t do
what’s best
 Power must be
checked

 Safe until proven
dangerous (FDA)
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Cautious
 All things
learned are
good

 Dangerous until
proven safe
 Stop the sales of
nanoproducts

 Private industry is
investing at least as
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government
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 Have had call to
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specifically
government
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nanotechnolog
y
 Government
and industry
fund research
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 Technology
improves market
functionality
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 Romantic

Figure 2: Paradigm of Nanotechnology Legitimation
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Performance
(Industry)

Table 3: Key Stakeholder Themes

Self Perspective of Actor Role

Other’s Perspective of Actor Role

Government

 Intentional Establishment of Big
Picture Technology
 Sustaining World Power
 Safety Check Within

 Funding as a Double Edged Sword
 Skeptical on Safety
 International Comparison and
Concerns

Industry

 From Science to Society
 Better Products for a Better Life
 Fix the Economy

Actor

Academia

NGO

 Progressors of Science
 Importance of Studying Pros &
Cons
 Heart of Information
 Facilitating for Society
 Firm Stance on Safety
 Information Disseminators
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Commercialization
 Secrets and Nontransparency
 Most in Need for Precautionary
Principle
 Progressors of Science
 Importance of Studying Pros &
Cons
 Heart of Information
 NGO are (relatively) Not Important
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Figure 4: Key Stakeholder Self-Other Role Disconnect
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Figure 5: Key Stakeholder Categorization in Key Opposition
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